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ATTORNEY FILE NO. 2004 0117. ORI 

SUPPLEMENTAL DECLARATION, POWER OF ATTORNEY, AND PETITION 

As below named inventors, we hereby declare that: our 
residences, post office addresses and citizenships are as 
stated below next to our names; that we verily believe we are 
the original, first and joint inventors of the subject matter 
which is claimed and for which a patent is sought on the 
invention entitled "CONTROL OF GENE EXPRESSION USING A COMPLEX 
OF AN OLIGONUCLEOTIDE AND A REGULATORY PEPTIDE", the 
specification of which was filed on April 8, 2004, as 
application Serial No. 10/824,584. 

We hereby state that we have reviewed and understand the 
contents of the above-identified specification, including the 
claims, as amended by any amendment (s) referred to in the Oath or 
Declaration. 

We acknowledge the duty to disclose information which is 
material to patentability in accordance with Title 37, Code of 
Federal Regulations, Section 1.56. 

We hereby claim foreign priority benefits under Title 35, 
United States Code, Section 119 of any foreign application (s) for 
patent or inventor's certificate or of any PCT international 
application (s) designating at least one country other than the 
United States of America listed below and have also identified 
below any foreign application (s) for patent or inventor's 
certificate or any PCT international application (s) designating 
at least, one country other than the United States of America 
filed by me on the same subject matter having a filing date 
before that of the application (s) on which priority is claimed: 

Prior Foreign Application (s) : 

International Application No.: PCT/GB02/04 633 
International Filing Date: 11 October 2002 

Priority Date Claimed: 11 October 2001 

Entitled: CONTROL OF GENE EXPRESSION USING A COMPLEX 

OF AN OLIGONUCLEOTIDE AND A REGULATORY 

PEPTIDE 

We hereby appoint NIKOLAI & MERSEREAU, P. A. , (Customer 
Number 23595), a professional association, consisting of the 
following attorneys /agents and the following attorneys/agents 
individually: Thomas J, Nikolai, Registration No. 19,283; 
Charles G. Mersereau, Registration No. 26,205; and Steven E, 
Kahm, Registration No. 30,860; Mark A. Mersereau, Registration 
No. 46,926; and James J. Paige, Registration No. 50,886 of 900 
Second Avenue South, Suite 820, Minneapolis,' Minnesota 55402- 
3813; Telephone No. (612) 339-7461, our attorneys/agents with 
full power of substitution and revocation to prosecute this 
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application and to transact all business in the Patent and 
Trademark Office connected therewith. 

Please direct all phone calls and correspondence to: C* G. 
Mersereau, Esq. at NIKOLAI & MERSEREAU, P. A., 900 Second Avenue 
South, Suite 820, Minneapolis, Minnesota 55402-3813; Telephone: 
(612) 339-7461. 

We hereby declare that all statements made herein of our own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title IB of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Oblimersen Sodium (Genasense bcI-2 Antisense Oligonucleotide): 
A Rational Therapeutic to Enhance Apoptosis in Therapy of 
Lung Cancer 
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*M. D. Anderson Cancer Center, Houston, Texas; 2 Gentt 
Incorporated, Berkeley Heights, New .lerpey; and 3 Greenebaum 
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ABSTRACT 

Bcl-2 protein inhibits apoptosis and confers resistance 
to treatment with traditional cytotoxic chemotherapy, radio- 
therapy, and monoclonal antibodies. Oblimersen sodium is 
an antisense oligonucleotide compound designed to specifi- 
cally bind to human bcl-2 mRNA, resulting in catalytic 
degradation of bcl-2 mRNA and subsequent decrease in 
bcl-2 protein translation. Both small cell and non-small cell 
lung cancer show baseline and inducible expression of bcl-2, 
which may contribute to resistance to therapy. Preclinical 
studies have shown that combining antisense with 
chemotherapy improves antitumor response, increases apo- 
ptosis of tumor cells, and Increases survival. Preliminary 
data from a large international randomized trial in mela- 
noma shovr a trend toward increased survival and signifi- 
cantly improved response rates and response duration when 
oblimersen is added to dacarbazlne. Phase I studies in small 
cell lung cancer patients demonstrate that oblimersen can be 
combined with paclitaxel or carboplatin and etoposide. The 
combination of docetaxel and oblimersen has been shown to 
be feasible In Phase I studies and is currently undergoing 
evaluation in comparison with docetaxel alone as first-line 
salvage therapy in patients refractory or relapsed after one 
prior chemotherapy regimen. Enhancement of the efficacy 
of anticancer treatments with oblimersen bcl-2 antisense 
therapy represents a promising new apoptosis-modulating 
strategy. 

BCL-2: A CRITICAL ANTIAPOPTOTIC 
PROTEIN 

The development of cancer requires dysregulated prolifer- 
ation combined with deregulation of cell death. The compo- 
nents of the apoptotic program are therefore targets for antican- 
cer therapy (J -4). The apoptotic control mechanisms of cells 
can be simplified to proapoptotic stimuli and antiapoptotic 
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forces. Tliree families of apoptotic control proteins have been 
described based on their sequence homology, three-dimensional 
structure, and function: (a) proapoptotic proteins including Bax 
and Bale, (b) BH3 only proteins that are proapoptotic; and (c) 
antiapoptotic proteins including bcl-2 (2, 3, 5-8). The mecha- 
nisms of interaction between these classes of proteins continue 
to be described. . 

Located on the inner mitochondrial membrane, bcl-2 serves 
as a key inhibitor of apoptosis that blocks release of cytochrome 
c end maintains mitochondrial integrity (5, 8-10). By inhibiting 
apoptosis, bcl-2 confers resistance to treatment with traditional 
cytotoxic chemotherapy, radiotherapy, and monoclonal antibod- 
ies (1 1, 12). In studies of human cancer, most evidence suggests 
that bol-2 contributes to a more malignant tumor phenotype. 
Elevated bcl-2 protein correlates with poor response to chemo- 
therapy and/or hormonal therapy in non-HodgkhVs lymphoma, 
acute myelogenous leukemia, multiple myeloma, and prostate 
cancer (13-18). In xenograft models, nontumorigenic cell lines 
can be made highly turaorigenic by transfection with the bcl-2 
gene (14, 19,20). 

BCL-2 EXPRESSION IN NON-SMALL CELL 
LUNG CANCER (NSCLC) 

Observations made in NSCLC suggest that the relationship 
between bcl-2 expression and minor phenotype is complex and 
multifactorial. Most prior studies of bcl-2 expression in NSCLC 
have been conducted using iinmunohistochennstry on fbrmalin- 
fixed, paraffin-embedded archival tissue. Contrary to the expe- 
rience in hematological neoplasms aud prostate cancer, early 
studies suggested that detection of bcl-2 in NSCLC by iramu- 
nohistochemistiy was associated with a lower risk of metastatic 
disease and possibly improved overall survival (21, 22). How- 
ever, none of these early studies were correlated with the type of 
chemotherapy administered to patients. More recently, one 
study examined 34 tumor samples taken from patients with 
advanced NSCLC who were treated with the combination do- 
cetaxel and ymorelbine. In that study, 16% of cases were pos- 
itive for bcl-2 expression, brut there was no apparent correlation 
with response to therapy (23). In part, the small sample size of 
prior studies has limited proper statistical analysis. Unexamined 
variables of potential importance include the relative expression 
of other genes, stage of disease, source of biopsy specimen from 
a primary tumor or metastatic site, and whether the biopsy is 
from a previously treated or chemotherapy-nerve patient In Jung 
cancer cell lines, bcl-2 antisense reduced bcl-2 protein expres- 
sion, enhancing apoptotic activity of standard anticancer drugs 
(24-26). 

The medical literature is inconsistent regarding the impor- 
tance of bcl-2 alone as a cluneal prognostic factor. Various 
methods (e.g., immunohistocliemistry or Northern or Western 
analysis) have yielded nonuniform results. Other problems have 
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Fig J Schematic representation of (ho binding of oblirnersen to bcl-2 
mRNA, resulting in decreased bcl-2 protein translation. 



included contanoination of solid tumor biopsies with epithelial, 
blood, and stromal cells and a generally low standard for quality 
control, particularly with regard to basal levels of expression 
and diurnal variation (27). More recent studies have assessed 
relative imbalances in anti- wsus proapoptotic protein pools, 
some of which suggest thai a high ratio of bcJ-2:Bax may be 
clinically more informative. Overall, few firm conclusions can 
be drawn from these studies. 

ANTISENSE THERAPY TO TARGET BCL-2 

Oblimersen sodium (G3139, Genasense; Gcnta hie, Berke- 
ley Heights, NJ) is an antisense phosphorotbioate oligonucleo* 
tide compound designed to specifically bind to the first six 
codons of the human bcl-2 mRNA sequence, resulting in deg- 
radation of bcl-2 mRNA and subsequent decrease in bcl-2 
protein translation and intracellular concentration (Fig, 1; Refs. 
28 and 29). Oblimersen is the first oligonucleotide to demon- 
strate proof of principle of an antisense effect in human tumors 



by the documented down-regulation of the target bcl-2 protein 
(30). 

PRECLINICAL ACTIVITY OF OBLIMERSEN 

A growing body of preclinical and clinical evidence sug- 
gests that oblimersen synergizes with many cytotoxic and bio- 
logical/iromunotherapeutic agents against a variety of hemato- 
logical malignancies and solid tumors. Studies of oblimersen in 
xenograft models have shown marked enhancement of the effi- 
cacy of standard cytotoxic chemotherapy and of rituximab in 
several cancers including non-HodgknVs lymphoma, mela- 
noma, breast cancer, gastric cancer, and NSCLC (Table 1; Ref. 
31). Durable regressions of aggressive human breast cancer 
xenografts have been observed after combination therapy with 
docetaxel and oblimersen (32). Oblimersen down-regulates 
bcl-2 mRNA within 48 b and protein levels within 96 h in ex 
vfvo-treated myeloma cells (33). This down-regulation is asso- 
ciated in a sequence-specific manner with sensitization of my- 
eloma oells to cytotoxic activity of dexamethasone and doxoru- 
bicin (33, 34). 

CLINICAL STUDIES OF OBLIMERSEN 

Phase I/O trials indicate that oblimersen provides biologi- 
cally relevant plasma levels, down-regulates target bc)-2 protein 
within 3-5 days of initiating treatment, and yields an acceptable 
safety profile. The most common toxicities are low-grade fever 
that is usually self-limiting and fatigue, particularly with longer 
durations of infusion (35, 36). 

In a small pilot study, 12 patients with chemorefractory 
small cell lung cancer (SCLC) received paclitaxel (150 mg/m 2 
on day 6 of a 21 -day cycle) plus pbJiraersen [3 mg/kg on days 
1-8 of the cycle (36)]. All had previous treatment with etopo- 
side plus a platinum; five patients had been treated with 3-3 
additional chemotherapy regimens, and four patients had pro- 
gressed after prior paclitaxel treatment. No objective responses 
occurred on the combination paclitaxel/oblimersen regimen; 
four patients had stable disease after 2 treatment cycles, with 
two of the four patients progressing within 1 month and termi- 
nating therapy with cycle 3. Of the two remaining patients, one 
maintained stable disease until cycle 6, and one remained stable 
over 10 cycles of therapy and free of progression for over 1 year. 
It is of interest that only the patient with prolonged stable 
disease had consistently high plasma oblimersen levels. 

Given the very poor prognosis for chemorefractory SCLC, 
these foldings were sufficiently promising to prompt a dose- 
finding study in 16 previously untreated SCLC patients (37). 
Patients were divided into three cohorts to receive either of the 
following regimens: {a) 5 mg/kg oblimersen on days 1-8 of a 



Table J Oblimersen sodium in NSCLC" human H-460 cell xenografts 





Oblimersen [mg/k/day 


Docetaxe! [mg/k/day 


Drug 


(T-Q 


Log cell 


Complete 




(ax. days 8-14, bid)J 


(Lv., days 9. 12, and 15)] 


deaths 


days 


kill 


response 


Oblimersen alone 


5 




0/7 


5.0 


0.8 


0/7 


Docetaxel alone 




20.3 


0/7 


13.2 


2.0 


0/7 


Combination therapy 


5 


20.8 


077 


20.9 


3.1 


4/7 



* NSCLC, non-smaJJ cell lung cancer; bid, twice a day; T-C, hnnor growth delay. 
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2] -day cycle, carboplatin at a dose of area under the curve 6 on 
day 6, and 80 mg/ta 3 etoposlde on days 1-8 of cycle; {b) 5 
mg/Jcg obJimersen on days 1-8 of a 21 -day cycle, carboplatin at 
a dose of area under the curve 5 on day 6, and 80 mg/ra 3 
etoposide on days 3-8 of cycle; or (c) 7 mg/kg oblimersen on 
days 1-8 of a 21 -day cycle, carboplatin at a dose of area under 
the curve 5 on day 6, and 80 rag/m 2 etoposide on days 1-8 of 
cycle. Of J 4 evaluable patients, partial response was seen in 12 
patients, and stable disease was seen in 2 patients. Dose-limiting 
toxicity (grade 4 neutropenia) occurred iu two of three evaluable 
patients hi cohort 1 , but these patients were able to continue with 
a dose reduction of the carboplatin to area under the curve 5; one 
grade 3 neutropenia occurred in cohort 2; in cohort 3, five of six 
evaluable patients experienced at least one episode of neutro- 
penia (grade 3 or 4), and four of six patients experienced 
thrombocytopenia (grade 3), with toxicity observed primarily in 
later cycles. The majority of patients in all three cohorts were 
able to complete all six planned cycles of therapy. 

The dose of 7 mg/kg/day oblhnersen is currently being 
studied in combination with carboplatin and etoposide as front- 
line therapy in 50 patients with SCLC in a Phase n trial by the 
Cancer and Leukemia Croup B (CAJLGB 30103 trial). 
Oblimersen is also being evaluated in conjunction with do- 
cetaxel as second-line therapy in relapsed or refractory stage 
HIB-IVNSCLC. This is a roulticenter randomized trial iu which 
patients will be randomized to docetaxel (75 mg/m 2 on day 5) 
alone or docetaxel plus oblimersen (7 ing/kg on days 1-8) for 
up to eight 2 1 -day cycles. The primary end point will be 
survival, with tumor response and time to progression as sec- 
ondary end points (Fig. 2). 

Phase 1/U studies of oblimersen have also been undertaken 
ha melanoma (33, 38), prostate cancer (39-41), and refractory 
acute leukemias (42). Dose-limiting toxicity of tlirombocytope- 
nia was reached at 12 mg/kg/day for 5 days when combined 
with dacarbazine 1000 mg/m 2 . Samples from tumors in these 
studies have shown decreases in bcI-2 protein after oblhnersen 
therapy. Randomized clinical trials are currently under way to 



Oblimersen/DocetaxeJ in NSCLC 

Ongoing multlcenter randomized phase II 
Second line NSCLCstage IIJB-IV 
Endpoints: Survival, RR, TTP 
Currently -150 enrolled 




Fig. 2 Design of ongoing multicenter randomized trial of oblimersen 
sodium and docetaxel as second-line therapy in relapsed or refractory 
stage I HQ -IV ncm-sniBiJ cell lung cancel*. 



evaluate the efficacy and tolerability'of oblhnersen in combina- 
tion with cytotoxic chemotherapy in lung cancer, chronic lym- 
phocytic leukemia, multiple myeloma, and malignant mela- 
noma. In addition, nonrandomized trials are under way to 
evaluate oblimersen in combination with different classes of 
chemotherapy agents and monoclonal antibodies in gastric, 
colon, breast, hepatocellular, prostate, and Merkel cell cancers; 
non-HodgicnVs lymphoma; acute myeloid leukemia; chronic 
myelogenous leukemia; and multiple myeloma, 

OPEN DISCUSSION 

Dr. Mark Soclnskl; In the second-line trials of docetaxel 
plus or minus oblimersen, what are the statistical assumptions 
now with that number of patients? Was survival the primary end 
point? 

Dr. Roy S. Herbst: Yes, it was based on survival. 

Dr. Raymond DnBois: With this particular pathway, there 
are a lot of other antiapoptotic members suoh as MCL1. Have 
you seen any change in their expression when you knocked 
down bcl-2? 

Dr. Herbst: We have not looked at that because we have 
been doing only a clinical study. PrecIinicaTly, that's something 
that needs to be investigated: there are a number of different 
mechanisms and different members of thiB pathway. Some of 
the small molecules that are available now might also come into 
play. 

Dr. Ramaswamy Govlndan: That was going to be my 
question. If other signals can compensate, then whatever you 
knock out may not make a big difference. Given that this - 
inhibitor is veiy specific, the initial signals are not that stellar. 

Dr. Herbst: My take would be the following: we have a 
drug that we know is pharmacologically deliverable. We know 
that it's safe. We have some evidence in a large trial that it 
actually works. I think this is now our chance in lung cancer to 
do one of two things. We can take this to a big Phase IU trial, 
and maybe we ueed to do mat, but we should also consider a 
small 30-patient biological trial and actually collect tissue and 
blood monocytes and ask if we are hitting the target and if we 
are seeing activity as a single agent Perhaps now is the time to 
ask more scientific questions. 

Dr. Geoffrey [Shapiro: In SCLC, is bcl-2 there de novo, or 
is it only there when resistance develops? Because if it's there 
de novo, then one might argue that it is not really preventing cell 
death because we have very good response rates upfront 

Dr. Herbst:. So perhapswe can then improve on an already 
good response rate or help with resistant disease? Again, there 
are all these unknowns that need to be addressed. 
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ABSTRACT 

The components of the apoptotic program are targets for anticancer therapy. Bcl-2 protein inhibits apoptosis 
and confers resistance to treatment with traditional cytotoxic chemotherapy, radiotherapy, and monoclonal 
antibodies (mAb). Oblimersen sodium (G3139, Genasense™, Genta Inc., Berkeley Heights, N J) is an antisense 
oligonucleotide (AS-ON) compound designed to specifically bind to the first 6 codons of the human bcU2 
mRNA sequence, resulting in degradation of bcl-2 mRNA and subsequent decrease in Bcl«2 protein transla- 
tion, Oblimersen is the first oligonucleotide to demonstrate proof of principle of an antisense effect in human 
tumors by the documented dovmregulation of the target Bcl-2 protein. A growing body of preclinical and clfc> 
Seal evidence suggests that oblimersen synergizes with many cytotoxic and biologic^mmunotherapeutic agents 
against a variety of hematologic malignancies and solid tumors. Randomized clinical trials are currently un- 
derway to evaluate the efficacy and tolerability of oblimersen in combination with cytotoxic chemotherapy in 
chronic lymphocytic leukemia, multiple myeloma, malignant melanoma, and non-small cell lung cancer. In ad- 
dition, nonrandomized trials are under way to evaluate oblimersen in non-Hodgltin's lymphoma, acute 
myeloid leukemia, and hormone-refractory prostate cancer. Preclinical data also support the clinical evalua- 
tion of oblimersen in additional tumor types, including chronic myelogenous leukemia and breast, small cell 
lung, gastric, colon, bladder, and Merkel cell cancers. Enhancement of the efficacy of anticancer treatments 
with oblimersen Bcl-2 antisense therapy represents a promising new apoptosis-modulating strategy, and ongo- 
ing clinical trials will test this therapeutic approach. 



APOPTOSIS AND CANCER 

APOPTOSIS, OR PROGRAMMED CELL DEATH, is 8 critical and 
complex process in tissue homeostasis (reviewed by Reed, 
J 999, 2000; Yang and Korsmeyer, 1996). In the average human 
adult, it is responsible for the death of tens of billions of cells 
daily. Self-renewing tissues, including the skin, gut, and bone 
marrow, depend on this process to accommodate a similarnum- 
ber of newly created cells (Reed, 1999). Apoptosis culminates 
in the fragmentation of the cell into membrane-encased bodies 
that are cleared by phagocytosis without leading to inflamma- 
tory reaction or tissue scarring. Active inhibition of apoptosis 
allows a cell to live longer, which may be desirable for nonre- 
newing tissues (neurons) or lymphoid cells important to im- 



mune memory function. Ann* apoptotic processes contribute to 
neoplasia by allowing an environment that permits genetic in- 
stability and mutations and that evades ceH cycle checkpoints 
that normally induce apoptosis. Neoplasia, therefore, seems to 
result not only from unrestrained cell proliferation but also 
from insufficient apoptotic turnover, leading to overexpansion. 
of a cell population (Nicholson, 2000), Further, this environ- 
ment promotes survival during metastasis despite decreased 
availability- of oxygen and nutrients and confers resistance to 
other important stresses, such as cytotoxic chemotherapy, anti- 
tumor antibodies, and radiation therapy. Consequently, targeted 
modulation of apoptosis has become an intensely investigated 
strategy for the development of new treatments for .cancer 
(Nicholson, 2000). 
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Bcl-2: A KEY REGULATOR OF APOPTOSIS 
AND LOGICAL ANTICANCER TARGET 

The fundamental steps of apoptosis are primarily regulated 
by three molecular families: the Bcl-2 family, the tumor necro- 
sis factor (TNF) family, and the caspases (Reed, 1999, 2000; 
Korsmeyer, 1999). The Bcl-2 family of proteins regulates the 
mitochondria-mediatGd, or intrinsic, apoptosis pathway (Fig, 
1). Various cell death stimuli can cause mitochondrial mem- 
brane changes, resulting in the release of caspase-activatlng 
factors, such as cytochrome c, into the cytosol. Once in the cy- 
tosol, cytochrome c complexes to and activates apoptotic pro- 
tease activating factor-1 (Apaf-1), which begins the activation 
of a cascade of caspase proteases. These proteases are media- 
tors of cell death. The Bcl-2 protein works in a manner as yet 
incompletely characterized to block pores or otherwise stabilize 
the mitochondrial membrane such that cytochrome c is not re- 
leased even when stimuli are present, thus blocking initiation of 
the intrinsic apoptosis pathway. 

The Bcl-2 family includes both apoptosis-suppressing (e.g., 
Bcl-2) and apoptosis-inducing<e.g., Bax) proteins. Alteration 
in the expression of either type occurs frequently in many hu- 
man cancers. Although a variety of genetic mechanisms con 
cause gain or loss of expression of 6cl-2 family proteins, the fi- 
nal common pathway leads to an alteration in the sensitivity of 
a cell to engage the apoptotic program through caspase activa- 
tion (Fig. 1). 

Overexpression or imbalance of Bcl-2 is associated with tu- 
mor cell resistance to a host of apoptotic stimuli, including 
chemotherapeutic agents, antitumor antibodies, radiation, hy- 
poxia, cell detachment from extracellular matrix (ECM), 
growth factor withdrawal, and increases in cytosolic calcium 
(Reed, 1999). The level of Bcl-2 expression also may have im- 
plications for novel cancer therapy strategies, such as angiogen- 
esis inhibition, suppression of tumor cell invasion and metasta- 
sis, and blockade of growth factor receptors (anti-human 
epidermal growth factor receptor 2 [HBR2], anti-epidermal 
growth factorreceptor [EGFR]). 

The fact that Bcl-2 impedes the apoptotic response normally 
induced by chemotherapeutic agents further defines it as a mul- 
tidnig-resistanceprotein (Reed, 1999). Aberrant Bcl-2 expres- 
sion docs not interfere with cytotoxic drug entry or accumula- 
tion in tumor cells or with the initial degree of damage or rate of 
cellular repair but rather prevents triggering of the cell death 
cascade. Tumor cells may thus experience drug-induced cell 
cycle inhibition but remain viable for extended periods (Gross 
et aL, 1999). The prevention of apoptosis by Bcl-2 essentialry 
converts cytotoxic anticancer drugs to cytostatic agents, poten- 
tially resulting in lower response rates to chemotherapeutic 
agents, earlier relapse, and shortened patient survival (Reed, 
1999). Expression of Bcl-2 appears to confer a clinically rele- 
vant chemoresistantphenotype on many types of cancer cells, 
including non-Hodgkin's lymphoma (NHL) (Schmitt et aL, 
2000; Reed et aL, 1994), acute myelogenous leukemia (AML) 
(Karakas et aL, 1998), chronic lymphocytic leukemia (CLL) 
(Pepper et aL, 1996; Hanada et aL, 1993; Schena et aL, 1992; 
Lazaridou et aL, 2000), multiple myeloma (MM) (Tian et aL, 
1996; Hu and Ga2itt, 1996; Gazitt et aL, 1998), melanoma 
(Selzer et aL, 1998; Grover and Wilson, 1996; Cerroni et aL, 
1995), prostate cancer (Gleave et aL, 1999; Scott et aL, 2001; 
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Sullivan et aL, 1998), breast cancer (Lanzafame et aL, 1998), 
colorectal cancer (Ochoa et aL, 2001a,b; H.-B. Yang et ai, 
1 999), and small cell and non-small cell lung cancer (SCLC and 
NSCLC) (Jiang et aL, 1995) (Fig. 2). . 

bcl-2 knockout mice (mice in whom the bcl-2 gene has been 
eliminated) demonstrate the role of Bcl-2 in normal melanocyte 
and lymphocyte development (Yamamura et aL, 1996). These 
mice are viable but experience a rapid degeneration of hair bulb 
melanocytes after birth (Yamamura et aL, 1996; Kamada et aL, 
1 995; Veis et aL, 1993; Nakayama et aL, 1994) and are severely 
lymphogenic (Kamada et aL, 1995; Veis et aL, 1993; 
Nakayama et aL, 1994). In contrast, bcU2 transgenic mice that 
constitutivelyoverexpress Bcl-2 develop B cell malignancies, 
demonstratingmat aberrant expression of Bcl-2 has arole in the 
development of B cell lymphomas (Veis et aL, 1993; McDon- 
nell and Korsmeyer, 1991). 



ANTISENSE OLIGONUCLEOTIDES 

Reverse complementary or an ti sense oligonucleotides (AS- 
ONs) are short sequences of single-stranded deoxyribonu- 
cleotides complementary to gene coding regions that are de- 
signed to hybridize by Watscm-Grick base pairing to messenger 
RNA (rnRNA) sequences, making degradationpossible(Zamec- 
nik and Stephenson, 1978; Stephenson and 2kmecnik, 1978). 
Naturally occurringandsensesequences have been identified that 
control gene expression in a variety of systems, allowing for pos- 
sible therapeutic development (Mizuno et aL, 1984; Izant and 
Weintraub, 1984). The formation of a heteroduplex of rnRNA 
with the DNA of the AS-ON engages RNase H. This enzyme 
cleaves the mRNA moiety, destroying the message, and in theory 
releases an intact therapeutic AS-ON molecule to catalyticaUy 
hybridize to another mRNA sequence (Winterberger, 1990). The 
resulting decrease in the target mRNA pool leads to reduction in 
the specific encoded protein (Hg, 3). The AS-ON also may pre- 
vent the mRNA from appropriately docking with the ribosomal 
machinery, thereby stopping translation into a functional protein 
and expression of that protein in the celL 

AS-ONs of 16-24 bases in length allow target specificity, 
whereas shorter or longer sequences may lead to random hy- 
bridizations. Selection of target areas within a mRNA must 
consider its tertiary structure, which will determine the accessi- 
bility of an area for hybridization. Target areas are identified 
empirically by screening series of oligonucleotldesfbr the abu\ 
ity to decrease target mRNA levels. Oligonucleotide library: 
screening also has identified RNA sites that are most accessible . 
to hybridization and correlated these sites, with protein down- 
regulation and biologic function.(Ho et aL, 1996, 1998). The 
first 6 codons of the open reading frame (ORF) at the AUG start • 
site frequently have demonstrated accessibility to hybridization . . 
and have been chosen for initial AS-ON development against 
an assortment of genes. • 

Hie correlation of a biologic effect with the specific down- 
regulation of target mRNA and protein in vivo has been a pri- 
mary focal point of AS-ON research. AS-ONs also can be po- 
tent immunostimulators if the sequence has unmethylated Q>G 
motifs coupled with certain flanking sequences (Krieg et aL, 
1995). Thus, therapeutic activity could result in part from non- 
specific sys temic immune effects rather than a specific AS-ON- 
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FIG. 1. Simplified schematic of extrinsi c (left) and intrinsic (right) pathways of apoptosis. B bth pathways converge by activation of the effector 
protease, caspase*3. The Bcl-2 protein family regulates the intrinsic apoptosis pathway, (A) Under normal conditions, in which there is a proper 
balance between proapoptoticand an tiap opto tic proteins, a cell death signal triggers changes in the mitochondrion (the primary organelle foT initi- 
ating the intrinsic pathway), such as the formation of a Bax-Bax protein dimer in the outer mitochondrial membrane that facilitates release of cy- 
tochrome c. Once in the cytosol, cytochrome c binds and activates Apaf-1 protein, allowing it to bind and activate procaspase-9. Active caspase-9 
has been shown to directly cleave and activate caspase-3, which leads to cell death, (B) Under conditions of Bcl-2 over expression, the Bel *2 pro- 
tein, which resides in the mitochondrial outer membrane, blocks the apoptosis initiation process, such as by disrupting the Bax-Bax dimer. Release 
of cytochrome c in response to a ceD death signal is prevented, and there is no initiation of the intrinsic apoptosis cascade. Reduction or removal of 
BcJ-2 protein by oblimersen allows restoration to A, resulting in apoptosis in response to a cell death signal. Adapted and reprinted by permission 
from c American Society forlnvestigativePathology, in Reed, J.C. (2000).Warner.LambertPaike-Davis Award Lecture. Mechanisms of apoptosis. 
Am J. Pathol. 157, 1415-1430. Also adapted and reprinted by permission from Nature (wwwjiature.com), in Nicholson, D.W. (2000). From bench 
to clinic with apoptosis-based therapeutic agents. Nature 407, 810-816, Macmillan Publishers, Ltd. 



mRNA interaction (Weiner et al., 1997; Wooldridge et aL, 
1997; Ballas et al., 1996; Krieg et al., 1995; ICrieg, 2002). By 
using appropriate control oligonucleotides (e.g., sense, mis- 
sense, reverse sequence, one-base and two-base mismatch mis- 
sense) and various immunodeficient animal strains, researchers 
have attempted to separate therapeutic effects that can be attrib- 
uted to the specific downregulati on of target mRNA and protein 
from nonspecific effects. 



AS-ONs DIRECTED AT Bcl~2 

Although the exact molecular mechanism of action of Bcl-2 
protein is not fully defined, AS-ONs can target a protein even 
when the biochemical mechanism of action is unknown and 
conventional small molecule inhibitors are difficult to obtain 
(Nicholson, 2000). AS-ONs against Bel -2 in a human leukemia 
cell line were first used in 1990 (Reed et aL, 1990b), Although 
this and subsequent studies demonstrated that Bcl-2 AS-ONs 
could promote in vitro cell death and reduce cell growth, their 



potency was limited because of poor uptake, intracellular com- 
partmentalization,and limited accessibility of the AS-ON to its 
intended hybridization site on target bcl-2 mRNA molecules 
(Reed, 1997; Tamm et aL, 2001). Organisms have developed a 
variety of nuclease enzymes to destroy rogue DNA strands both 
inside and outside the cell. Development of therapeutic AS-ON 
molecules has required appropriate chemical modifications to 
confer nuclease resistance, along with a favorable pharmacoki- 
netic profile ( Agrawal et al, 1 99 1 ; Raynaud et al„ 1 997), Mod- 
ifications in the phosphodiester AS-ON backbone have yielded 
molecules now under clinical development Phosphorothioates 
(sulfur substituted for one of the phosphodiester oxygens) (PS) 
are the most widely studied second-generation AS-ONs. PS- 
AS-ONs are nuclease resistant and capable of entering the cell 
and demonstrate good hybridization, pharmacokinetics, and 
minimal nonsequence-dependenteffects or toxicities at concen- 
trations required to downregulate the target mRNA. Addition- 
ally, PS-AS-ONs have demonstrated activity in free form in 
vivo, possibly due to interaction with blood lipoproteins (Jans en 
et al., 1998; Monia et al., 1996). Non sequence-dependent PS- 
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FIG. 2. ^portion of patient* whose tumor cells at the Ume of diagnosis tested posltivefor Bcl-2 expresslon/oveiexpression, as reported in indi- 
vidual studies. Tissue samples were assessed using immunohiatoohemistry or flow cytometry. Data from Karakas et aL (1998) Lazaridou et al 
(2000). Chen etal (1997),Putmeret nl. (1999),LanzafameetaI. (1998),H.-B. Yang etai. (1999). Jiang at al, (l^Cermnietal (1995XandSuT 
livan et al. (1998). AML, acute myeloid leukemia; CLL, chronic lymphocytic leukemia; SCLC, small-cell lung cancer. 



AS-ON toxicities (e.g., hypotension, bradycardia, transient pro- 
longation of activated partial thromboplastin time) have been 
observed at PS-AS-ON doses higher than those recommended 
for clinical trials (Kuss and Cotter, 1999). These toxicities have 
been reversible with discontinuation of drug infusion and are 
related to plasma drug levels. Oblimersen sodium (G3139, 
Genasense™) (Oenta Inc., Berkeley Heights, NJ) Is a PS-AS- 
ON that has been optimized for Bcl-2 do wnregulation and is in 
clinical developmentfor a variety of oncology indications. 



OBLIMERSEN: A Bcl-2 AS-ON 

Chemistry 

Oblimersen sodium (CAS No. .190977-41-4) is a fully 
phosphorothioated 18-raer AS-ON (5'-d(P-thio)TCT-CCC- 
AGC-GTG-CGC-CAT-3 ') complementary to the first 6 codons 
of the ORFof the mRNA sequence (Fig. 4) (Cotter, 2000; 
Nicholson, 2000).The formation of a heterologous PS-AS-ON- 
mRNA duplex targets the mRNA for cleavage by RNase 
H, theoredcally leaving the oblimersen molecule intact to bind 
to another bcl-2 mRNA. 

Oblimersen was identified as the most biologically acdve 
Bcl-2 antisense sequence from among a series of 40 PS-ONs 
1 8- to 20-mers designed to recognize target sites distributed 
from 750 bases upstream of the initiation codon to the 3'-end of 
the published C0NA Bol-2 sequence (Hg. 5) (Oenta Incorpo- 
rated, unpublished observations). Oligonucleotides were evalu- 
ated for downregulationof bcU2 mRNA expression^ cultured 
T-24 human bladder carcinoma cells or MCF-7 human breast 
adenocarcinoma cells. Oblimersen (targeting positions 1-18 of 



the ORF) was the most active oligonucleotide, reducing bcl-2 
mRNA expression to near the lower limit of detection. Within 
the ORF, two other biologically active oligonucleotides (target- 
ing positions 422 and 717) were identified. Additionally, there 
are two highly accessible regions in the bcl-2 mRNA 3'-un- 
translated region (3'-lrTR), from positions 1103 to 1218 and 
from positions 1846 fo 2258, where all tested oligonucleotides 
demonstrated significant antisense activity. 

To test for nonspecific oligonucleotide or immunologic ef- 
fects, several control oligonucleotides hove been used to com- 
pare responses to those of oblimersen in preclinical studies 
(Table 1). All are fully phosphorothioated 18-mer AS-ONs. 

Pharmacokinetics 

Preclinical experience. The pharmacokinetics of oblimersen 
have been studied in mice and humans (Table 2). Studies in 
mice demonstrate that oblimersen is rapidly distributed and 
slowly eliminated from plasma when administered via a single 
intravenous (iv.) bolus, exhibiting a terminer half-life of 11 
hours (Raynaudetal.,1997).0blimersenpharmacolrineticsfol- 
lo w a three-compartmentmodel, and the agentis highly protein 
bound (98% at 5 minutes) (Raynaud et aL, 1997), .which is con- 
sistent with the high affinity that PS-ONs exhibit for albumin 
and o 2 -macroglobulin (Bigelow et aL, 1990; Zhang et aL, 
1 995). Oblimersen does not cross the blood-brain barrier (Ray- 
naud etaL, 1997). 

When oblimersen was administered via slow subcutaneous 
(s.c.) infusion in mice, plasma steady .state was reached by day 
3, which is consistent with rapid absorption and a terminal 
elimination half-life of 22 hours (Raynaudet aL, 1 997). Follow- 
ing s.c. infusion, about 50% of the parent compound was pro- 
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FIG. 3, Antlsense mechanism of action decreases a target protein at 
an early stage. Therapeutic antisense oligonucleotides <AS~ONs) are 
designed to hybridise to and inactivate a specific mRNA mat would 
produce a disease-relevant protein product. Hie presence of a double- 
stranded hybrid structure can prevent translation of the mRNA by 
blocking ribosome binding or progression. Furthermore, hybrids con- 
sisting of the mRNA strand with certain synthetic AS-ON are recog- 
nized by RNaseH, which degrades only the RNA portion, sparing the 
AS-ON. Thus, the AS-ON can function catalytically. Traditional small 
molecule drugs work at a later stage by inactivating a disease-relevant 
target protein after it has been produced. 

tein bound at steady state, with significantly more parent drug 
reaching the tissues and bone marrow. Tlie primary ehmination 
route following both i.v. and s.c. administration in mice appears 
to be renal, with greater metabolism and ehmination of the par- 
ent compound occurring with i.v. bolus administration. 

When oblimersen was administered in combination with 
doxorubicin in SQD mice bearing 8 human breast cancer 
xenograft, increased Cmax, higher area uuder the plasma con- 
. centration-time curve (AUC), and a 9-fold lower plasma clear- 
ance were observed. The rate of oblimersen accumulation in or- 
gans was dependent upon steady-state levels in plasma and the 
presence of coadministered doxorubicin (Lopes de Menezes 
and Mayer, 2002). 

Clinical experience. The pharmacokinetics of oblimersen 
have been evaluated recently in patients with lymphoma (Wa- 
ters et ai, 2000b), acute leukemia (Marcucci et aL, 2001), ma- 
lignant melanoma (Jansen et al. a 2001), hormone-refractory 
prostate cancer (de Bono et a!„ 2001; Morris et ai, 1999, 2002: 
Scber et aL, 2000), colorectal cancer (Ochoa et al., 2001 a,b), and 
assorted solid tumors (Chen et aL, 2000) (Table 2). For each tu- 
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raor type and regimen with doses greater than 2-3 mg/kg per day, 
steady-state plasma concentrations of ju,g/mL were consis- 
tently achieved, a concentration at which oblimersen was found 
to be bio active in animals (Raynaud et al„ 1997). 

Steady-state plasma concentrations of oblimersen were ob- 
served approximately 48 hours after initiation of a continuous 
s.c. infusion for 14 days by a portable infusion pump in 21 pa- 
tients with advanced lymphoma (Waters et al., 2000b). Plasma 
levels' correlated linearly with dose (p — 0.002), increasing 
from a mean of 0.45 /*g/ml for the 36.8 mg/m 2 group to 5.63 
/tg/ml for the 195.8 mg/m 3 group. Plasma levels associated 
with dose-limiting toxicity in this population of lymphoma pa- 
tients were >4 /xgAnJ, establishing tlie maximum tolerated dose 
(MTD) using this mode of delivery and schedule as 147 mg/m 2 
per day (approximately 4.1 mg/kg per day). The AUC ranged 
from 107 to 1200 /xg/ml/h. The mean plasma elimination half- 
life was 7 .46 hours, with no difference in half-life observed be- 
tween dose levels. 

In 24 patients with malignant melanoma receiving a 5 or 14 
day continuous i.v. infusion of 0.6-6.5 mgflcg oblimersen per 
day over 14 days or 5, 6, and 9 mg/kg per day over 5 days fol- 
lowed by a 1 hour infusion of dacarbazine(1000rog/m 2 ), mean 
steady -state plasma oblimersen concentrations were generally 
reached and maintained after one day (Jansen et aL, 2001). 
Mean concentrations ranged from 1 to 8 /ng/ml, correlating lin- 
early with delivered dose and unaffected by dacarbazine admin- 
istration. At doses &1.7 mg/kg per day, steady-state plasma 
concentrations exceeded concentrations of 1 yu.g/ml, Hie drug 
was excreted primarily unchanged via the kidney . • 

Similar pharmacokinetic parameters have been observed in 
16 patients with hormone-refractory prostate cancer who re- 
ceived 5-7 rag/kg oblimersenper day as a Srday continuous! .v. 
infusion, followed by a 1-hour Lv. infusion of 60-100 mg/m 2 
docetaxel, with the combination regimen repeated every 21 
days (de Bono et al M 2001). No added toxicity was seen with 
the addition of oblimersen to docetaxel. Plasma oblimersen 
concentrations consistently exceeded 1 ^g/ml, with steady- 
state concentrations averaging 3.09 and 5.36 fig/ml at the 5 
mg/kg and 7 mg/kg per day dose levels, respectively (de Bono 
et al, 200 1). These findings are consistent with those reported 
from a phase UK study in which patients with solid tumors, the 
majority of whom (23 of 35) had prostate cancer, received ei- 

S CC AGC GTG CGC CAT-3' 

FIG. 4. Partial molecular structure of oblimersen sodium. The se- 
quence of 18 nucleotides is presented in the 5'- to 3 '-schematic conven- 
tion, with a portion of the molecular structure expanded to show the nu- 
cleosides thymidine (T) at position 3 and cytodine (C) at position 4, 
joined by a phosphorothi oate linkage. 
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7^ B ;^T^ / ^; 2 u mRNA 'J" 24 ° r MCF " 7 Cells werB pIated ond movfed 10 ■*» "»v« * minitU density of 
73%-85% before being fransfected for 17 hours with various AS-ONa (200-500 nM, combined with callonlc lipids optimized for each cell line) 
Reverse tran^ption-^lymera^ chain reactions (RT-PCR) were performed on total RNA isolated using prime? sequences for Bcl-2 and fi-actin 
£l%£^ ore shown as % inhibition of bcl-2 mRNA expression relative to oblimersen 

(G3139) activity (100%) and plotted as the 5'-end binding position along the bcl-2 mRNA of each AS-ON. 



ther oblimersen alone at doses from 0.6 mg/kg per day for 
14-21 days or 4.1, 5.3, or 6.9 mg/kg oblimersen per day fol- 
lowed by oblimersen plus i.v. paclitaxel 100 mg/m 3 weekly for 
3 weeks (Morris et al., 2002; Scher et al., 2000). The observed 
plasma half-life was 2 hours and was close independent. Steady- 
state plasma concentrations were 3-4, 4-5, and 7-8 /Ag/ml for 
obUmersen doses of 4.1, 5.3, and 6.9 mg/kg per day, respec- 
tively. 



OBLIMERSEN r PRECLINICAL AND 
CLINICAL INVESTIGATIONS 

The rationale for using Bcl-2 antisense in cancer derived 
from the central role of the Bcl-2 protein in apoptosis. Bcl-2 
acts as a negative regulatory factor at the initiation stage of me 
apoptotic process following receipt of a death signal (i.e., 
dUmertsation of Bax protein) that has been triggered by some 
other stimulus (e.g., cellular damage, cytotoxic chemother- 
apy). A therapy-enhancing strategy depends on combining 
obUmersen with other anticancer agents to inflict more effec- 
tive cellular damage. The clinical development program for 
oblimersen is based on the premise thatdownregulationof Bcl- 
2 can be employed to enhance the sensitivity of cancers to the 
apoptotic effects of other active anticancer agents. Preclinical 
observations concerning the role of bcl-2 in tumor cell lines and 
animal xenograft models have demonstrated obUmersen is bio- 



logically active, both as a single agent and in combination with 
standard chemotherapeutic agents. Parameters included en- 
hanced cellular apoptosis, tumor inhibition, tumor regression or 
elimination, and increased xenograft host survival (Table 3 and 
Fig, 6). Oblimersen has been studied in a variety of hemato- 
logic malignancies and solid tumors. 

Hematologic malignancies 

Non-Hodgkiti's lymphoma. Preclinical experience. Pre- 
clinical studies confirm that the Bci-2 protein confers chemo- 
therapy resistance in lymphoma (Schmitt et al., 2000). Bcl-2 
ASONs specifically downregulatedBcI-2 protein and induced 
apoptosis in lymphoma ceil lines (Kitada et al., 1993; Tormo et 
al., 1998; Obasaju and Smith, 2001). Several in vitro studies 
also showed that AS-ONs targeted against human bch2 RNA 
reduced levels of Bcl-2 protein, such as in an NIH-3T3 fibro- 
blast cell line infected with a recombinantietrovirus containing 
human Bcl-2 cDNA, in a t(14jl8)-containing lymphoma cell 
line SU-DHL-4, and in a transformed follicular lymphoma cell 
line having the t(14; 18) translocation and inappropriately high 
expression of Bcl-2 protein (Kitada et al., 1993; Tormo et al., 
1998). 

A number of in vivo xenograft studies have been conducted 
to evaluate the activity of oblimersen as a single agent in lym- 
phoma (Table 3 and Hg. 6). Ten million DoHH2 cells were in- 
oculated i.v. into SOD mice that lacked functional B or T cells 



Table 1. Nuclhotidb Sbqtjbnces op Oblimersen and Various Control 
Oligonucleotides Used in Preclinical Research 



Oligonucleotide (properties) 



Nucleotide sequence 



Oblimersen (03139, antisense to Bcl-2) 
03622 (Reverse polarity sequence) 
G4126 (2-base mismatch sequence) 
G4232 (m^C modification in CpG motifs) 1 



5'-TCT CCC AGC GTG CGC CAT-3' 
5'-TAC CGC GTG CGA CCC TCT-3' 
5'-TCT CCC AGC ATG TGC CAT-3* 
5'-TCT CCC AGm*C GTG ra 5 CGC CAT-3* 



"m'C, 5-methyl deoxycy tosinemodification. 
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Table 2, Pharmacokinetics of Oblimersen 



Administration route/ 
tumor type 



Oblimersen regimen 

Mean plasma Mean plasma 

Du ration A UC* C SJ T m MKT V„ CI 

((lays) (whfml) (ng/ml) (h) (h) <ml/g) (ml/h) 



Dose 
(mg/kg/day) 



Mouse b 
i.v. 
s.c. 

SCID mouse* 
i.p. 

Human 
s.c. (Q; NHL) d 
i.v. (CI; melanoma) 8 
i.v, (CI; prostate cancer)" 
j.v. (G; prostate cancer? 

iv. (CJ; breast cancer)* 
j.v, (CI; colorectal cancer) 1 



5 


Single dose 


10 


NR 


11 


4.41 


33 


7.7 


5 


7 


160 


1 


22 


36 


4.7 


NR 


5 


3 


11.2 


NR 


209.7 


NR 


7.7 


0.4 


[4.6-195.?p 


14 


107-U00 f 


0.45-5.63 f 


7.46 


NR 


NR 


1.71-9.62 


0.6-6.5 or 5-9 


14 or 5 


NR 


l-8 f 


NR 


NR 


NR 


NR 


5-7 


5 


NR 


3,09-5,36' 


NR 


NR 


NR 


NR 


0.6-6.9 or 


14-21 


894-2550 


0:<l-7.6 


2 








4.1-6.9 + P 






O+P: 3-8 












21 


NR • 


>\3 k 


NR 


NR 


NR 


NR 


3-7 


7 


NR 


>S m 


NR 


NR 


NR 


NR 



P AUC, area under the plasma concentration- time curve; C ir steady-state plasma concentration; T lfl1 terminal elimination half- 
life; MRT, mean residence time; Y lt> volume of distribution; CI, clearance; i.v., intravenous; NR, not reported; s.c, subcutaneous; 
CI, continuous infusion; NHL, non-Hodgkin's lymphoma; O, oblimersen;P, paclitaxel. 

b Raynaud et ah, 1997. 

cLopes dc Menezes and Mayer, 2002. Oblimersen given in combination with doxorubicin i.v. 5 mg/kg (administered 1 hour be- 
fore oblimersen). 
'Waters et ah, 2000b. 

"Oblimersen doses given as mg/m 2 per day. 

increased linearly with dose. With doses a 1 .7 mg/kg/day, C u exceeded biologically relevant concentrations of 1 /xg/mh 
Hansen et ah, 2001. Oblimersen was administered alone or in combination with dacarbazine 80 mg/kg per day i.p. X 5 days 
(days 12-16), 

h de Bono et ah, 2001. Oblimersen was administered alone or in combination with docetaxel 60-100 mg/m 2 iv. over 1 hour on 
day 5. 

'Morris et ah, 1 999, 2002; Scher et ah, 2000. Oblimersen doses £=4. 2 mg/kg per day were administered alone or in combination 
with paclitaxel 100 rag/m 2 on days 8,15, and 22 during the second and third treatment cycles. 
^Chen et ah. 2000. 

k At a dose level of 3 mg/kg per day, in combination with docetaxel. 
• J Ochoaetal.,2001a,b. 
"When administered at 5 and 7 mg/kg per day in combination with irinotecan. 



but retained natural killer (NIC) cell activity and nonobese dia- 
betic SOD (NOD/SCED) mice that lacked NIC, B, and T cell ac- 
tivity (Waters et ah, 2000a). These mice were treated with 
oblimersen or control oligonucleotides by s.c. infusion for 14 
days, commencing on day 8 after tumor inoculation. All mice in 
each group that were treated with control oligodeoxynu- 
cleotides developed overt NHL. In comparison, only 3 of 18 
SCID mice and 1 of 6 NOD/SCID mice that received a 14-day 
s.c. infusion of oblimersen developed NHL, even when ana- 
lyzed by PCR for the characteristic t( 14; 18) break point (Wa- 
ters et al„ 2000a; Cotter et ah, 1999). 

In another study, escalating doses of oblimersen, cyclophos- 
phamide, and the combination were evaluated in SCID mice 
bearing a systemic human DoHH2 lymphoma xenograft (Klasa 
et ah, 2000). Results confirmed that oblimersen downregulated 
Bcl-2 expression in vitro and that treatment with oblimersen 
alone resulted in prolonged median survival and cure of some 
animals (Fig. 7). This effect was dose and schedule dependent, 
with no long-term survivors after an oblimersen dose of 5 
mg/kg daily for 14 consecutive days. However, long-term sur- 
vival was >40% when the oblimersen dose was increased to 



12.5 mg/kg on the same daily schedule or either 5 or 12.5 
mg/kg was administered for 14 treatments on alternate days 
(28-day schedule). Similarly, cyclophosphamide treatment 
alone resulted in no long-term survivors at lower doses but 
cures at high doses. The addition of oblimersen to low-dose cy- 
clophosphamide (35 mg/kg) resulted in the cure of all animals 
(Table 3 and Rgs. 6 and 7). The interaction between the two 
agents demonstrates dose-response correlations. For tbe two 
low doses of cyclophosphamide tested, increasing the 
oblimersen dose from 2.5 to 5 mg/kg resulted in longer median 
survivals and an increase in number of long-term survivors. 
When an ineffective cyclophosphamide dose (15 mg/kg, me- 
dian survival 36 days; no long-term survivors) was combined 
with a modestly effective oblimersen dose (2.5 mg/kg, 61-day 
median survival; 16% long-term survivors), tbe median sur- 
vival increased to 72 days, and 50% of animals survived long 
term. Mice sacrificed at 90 days showed no histologic evidence 
of disease using immunoperoxidase staining for Bcl-2 or mo- 
lecular detection of bcl-2 by PCR. These findings suggest that 
modest chemotherapy doses could be effective without increas- 
ing toxicity when combined-with an AS-ON. Treatment of mice 
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deficient in NK cell activity (perforin deficient) provided simi- 
lar results, supporting the view that stimulation of the host im- 
mune system by oblimersendoes not significantly affect elimi- 
nation of lymphoma (Klasa et al., 2000). Other effector cells 
may be intact in this raodeJL Oligonucleotides with CpO do- 
mains may act on plasmacytoid precursor dendritic cells 
(ppDC) to trigger release of interferon-a (IFN-a) and trigger 
TNF, interIeukin-6 (ILr-6), and IL-12 release from peripheral 
blood mononuclear cells (PBMC) and purified monocytes 
(Koziolkiewiczet al., 2001). 

In vitro treatment of immortalized lymphoblastoidB (LCL) 
cells, expressedin the majority of Epstein-Barr virus (BBV)-as- 
sociatedpdsttransplantlymphoproliferativedisorders, with sin- 
gle-agent oblimersen was associated with decreased expression 
of Bcl-2 protein, inhibition of proliferation, and stimulation of 
apoptotlccell death (Guinness et al., 2000). In addition, treat- 
ment of LCL-bearing SCOD mice with oblimersen completely 
prevented or significantly delayed development of fatal EBV- 
positiveIymphoproliferatiyedisease(Table3 andFig. 6). In an- 
other SCID mouse study, a delayed treatment schedule was 
used in order to detect enhanced antitumor effect of combined 
oblimersen and rituximab (Rituxan, Genentech, Inc., South San 
Francisco, CA) against established LCL tumors (Lacy and 
Loorais, 2002). SCID mice (« «= 7 per group) were injected i.p. 
with 20 million LCLs (Sweig) on day 0. On day 15, treatment 
was initiated with oblimersen alone (10 mg/kg/day over 12 
days in five divided doses i.p. at 72-hour intervals), rituximab 
alone (10 mg/kg i.p. weekly X 4), or oblimersen plus rituximab 



(same dose and schedule used for monotherapy). Untreated 
control animals died with tumor 43-47 days after LCL injec- 
tion. The median survival of the two monotherapy arms was 
prolonged compared with the untreated control arm, but all ani- 
mals in both monotherapy arms died with tumor. In contrast, 
when oblimersen was combined with rituximab, 5 of 7 animals 
remained tumor free at the time of sacrifice (150 days), and me- 
dian survival of the combined treatment arm was 150+ days 
(Table 3). 

Clinical experience. High Bcl-2 expression has been dem- 
onstrated in up to 55% of patients with large-cell NHL, and 
three studies evahiatingthe prognostic signiftcanceof Bcl-2 ex- 
pression in these patients confirmed its importance as an inde- 
pendent prognostic marker for shorter disease-free survival and 
higher relapse rates (Hermineetal, 1996;Hilletal., 1996; Gas- 
coyne et al., 1997), A phase I trial was conducted to evaluate 
the safety and activity of oblimersen as a single agent in pa- 
tients with NHL, Twenty-one patients received a 14-day s.c. in- 
fusion of oblimersen (doses ranging from 4.6 to 195.8 mg/m* 
per day) (Webb et aL, 1 997; Waters et aL, 2000b). The MTO in 
this trial was 147.2 mgmi 2 per day (4.1 mg/kg per day). Dose- 
limiting toxicities included thrombocytopenia, hypotension, 
fever, and asthenia. There was 1 complete response, 2 minor re-' 
sponses, and 9 patients who experienced stable disease. The pa- 
tient who achieved a complete response received a single 14- 
day course at 2 mg/kg per day and has maintained this response 
for longer than 5 years despite failing four prior therapies for 
follicular lymphoma. Bcl-2 protein was reduced in 7 of 16 as- 
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FIG. 7. Survival of cohorts of 6 mice receiving AS-ONs alone (5 nig/kg) (left) or AS-ONs combined with cyclophosphamide (35 mg/kg) (CY) 
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cis, Ltd., In Klasa, R J., List, A,F„ and Cheson, B.D. (2001 ). Rational approaches to design of therapeutics targeting molecular markers. In Hematology 
2001. American Society Hematology Education Program Book* (American Society of Hematology, Washington, D.G), pages 443-462, 



sessable patients. Hiis trial demonstrated that oblimersen ther- 
apy is feasible in patients with NHL, with promising antitumor 
activity. These results suggest that oblimersen should be tested 
in combination with chemotherapy and other approaches, such 
as monoclonal antibody therapy. 

Myeloid leukemias. Preclinical experience in CML. 
Oblimersen has been evaluated in a xenograft model for Phila- 
delphia chromosome (Ph)-positive leukemia (Tauchi et aL, 
2002). Imatinib mesylate ($11-571, Oleevec®, Novartis AG, 
Basel, Switzerland) is an inhibitor of the Abelson kinase consti- 
tutively activated in the bcr-abl fusion gene product. In this 
study, nude mice were transplanted with imatinib mesylate-re- 
sistant icr-flfcJ-transformed TF-1 cells and then treated with 
placebo (n « 5) or oblimersen 7 mg/kg per day i.p. for 14 days 
(n = 5). AH the untreated nrice died within 10 weeks, whereas 
the majority of mice treated with oblimersen survived longer 
than 6 months and demonstrated reduced tumor volume (Table 
3 and Fig. 6), with 3 of 5 oblimersen -treated mice demonstrat- 
ing complete tumor regression. In addition, cells harvested 
from mice treated with oblimersen (7 mg/lcg per day for 7 days) 
were more sensitive to further treatment with imatinib mesy- 
late, daunorubicin, cytarabine, or etoposide, with each combi- 
nation showing additive or synergistic activity in the induction of 
apoptosis. These findings support the ongoing evaluation of 
oblimersen, both alone and in combination with other chemother* 
apeutic agents in the treatment of myeloid leukemias. 

Clinical experience w relapsed AML, A phase I trial dem- 
onstrated that oblimersen 7 mg/kg per day for 10 days con> 
blned with full-dose fludarabine, cytarabine, and filgrastim 
(FLAG) was well tolerated (Marcucci et al, 2001). Nine of 18 
(50%) evaluable patients demonstrated a response. Seven pa-, 
tients (39%) achieved a complete remission, and 2 additional 
patients cleared blasts from the marrow and blood but failed to 
recover normal neutrophil or platelet counts. It should be noted 



that several of the responders received less than full-dose 
FLAG therapy and only 4 mg/kg per day of oblimersen. Four of 
the 9 responders went on to receive a second consolidation 
course, Ainong the 9 responders, 4 were older than 60 years of 
age, 5 had previously received high-dose cytarabine therapy, 
and 1 had relapsed following an autologous stem cell transplan- 
tation. In the cohort that received oblimersen 7 mg/kg per day 
with full-dose FLAG, 3 of 6 patients achieved a. complete re- 
mission. One patient remains in complete remission beyond 15 
months following a single course of therapy. Duration of re- 
sponseranged from 30 to 485+ days, with a median time to re- 
lapse of 122 days. Toxicities Included central nervous system 
(CNS) bleeding (n = 1), fever, nausea, vomiting, hypocal- 
cemia, hypophosphatemia, and fluid retention but were not 
dose limiting or clearly attributable to oblimeiBen. The MTD 
was not reached. Hie median times to neutrophil and platelet 
recovery were 23 days (range 8-38 days) and 39 days (range 
21-56 days), respectively. These findings support the safety of 
adding oblimersen to combination chemotherapy for the treat- 
ment of patients with acute leukemia. 

These results prompted initiation of an ongoing clinical trial 
of oblimersen plus gemtuzumab ozogamicin in elderly patients 
with relapsed AML. A pilot study of oblimersen combined with 
daunorubicin and cytarabine in patients over 60 years of age 
with newly diagnosed AML is underway. 

Chronic lympliocytic leukemia. PRECLINICAL EXPERIENCE, 
High levels of Bcl-2 have been consistently demonstrated in B 
cell CLL lines and in cells taken from patients with CLL (Pep- 
per et aL, 1996; Hanada et aL, 1993; Schena et al., 1992), sug- 
gesting a role for Bcl-2 in the pathogenesis and progression of 
this disease. In early preclinical studies, antisense oligonu- 
cleotides to bc)-2 mRNA were shown to decrease Bcl-2 protein 
expression in a human pre»B cell leukemia cell line (Reed et aL, 
1 990b) and to specifically inhibit bcU2 mRNA expression in B- 
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CLL cells (Pepper et al„ 1999). Treatment with BcI-2 antisense 
oUgonueleotides targeting the same mRNA region as 
oblimersen also decreased Bcl-2 levels in CLL cell lines and in 
cells taken from patients (Joshi et al„ 2001). In this study, Bel- 
2 antisense oligonucleotides also significantly increased killing 
of CLL cells when combined with fludarabine and enhanced 
the immunologic attack from lympholdne-activated killer 
(LAK) cells. Recently, CLL cells obtained by CD19 selection 
of peripheral blood samples from patients were placed in cul- 
ture for 72 hours with oblimersen or under control conditions. 
Bcl-2 expression and apoptosis were measured 24 hours later. 
Bcl-2 protein was markedly reduced by oblimersen treatment in 
a sequence-specificmariner, Oblimersen 2 /-iM was more active 
than either fludarabine 50 jjM or dexaraethasone 1 fxM as an 
inducer of apoptosis in this system, and pretreatment with 
oblimersen sensitized CLL cells to rltuximab, A similar experi- 
ment in a follicular lymphoma cell line demonstrated even 
greater synergy between oblimersen and rituximab (Auer et al., 
2001). 

Clinical experience. Oblimersen is undergoing evaluation 
in a nonrandomized clinical trial as monotherapy for patients 
with relapsed or refractory CLL (O'Brien et al., 2001). Patients 
receive oblimersen as a continuous i.v. infusion for 5-7 days 
every 3 weeks. Paiients treated with oblimersen at 5 or 7 mg/kg 
per day experienced high fever, hypotension, and hypo- 
glycemia, as well as back pain requiring narcotics. This clearly 
demonstrates that patients with CLL are more sensitive to the 
side effects of oblimersen (O'Brien et al., 2001) compared with 
patients with solid tumors in whom these doses are generally 
well tolerated. A daily dose of 3 mg/kg appears to be well toler- 
ated either as a single agent or combined with fludarabine and 
cyclophosphamide. The basis for the difference in MTD be- 
tween CLL and NHL compared with solid tumors, acute 
myeloid leukemia, and myeloma is likely disease specific. Ei- 
ther tumor lysis or direct oligonucleotideimmunostimulation of 
the malignant B cells may explain this distinct toxicity pattern 
(Decker et al., 2000, 2002). Oblimersen is also being evaluated 
in a muUlcenter, in ternadonal, randomized clinical trial as com- 
bination therapy with fludarabine plus cyclophosphamide for 
second-line treatment of patients with refractorydrelapsed CLL. 

Multiple myeloma. Preclinical experience. Studies using 
Bcl-2 antisense plasmids demonstrated that Bcl-2 plays a pri- 
mary role in the development of resistance to dexaraethasone- 
induced and paciitaxel-induced apoptosis in MM cells (Hu and 
Gazltt, 1996; Gazitt et al., 1998). To evaluate the potential ap- 
plications of oblimersen in MM, human myeloma cell lines 
were incubated with oblimersen, resulting in a time-dependent 
and dose-dependent uptake of oblimersen into the cytoplasm 
and nucleus (van de Donk et ol, 2000). These cells exhibited a 
time-dependent and dose-dependent, sequence-specific de- 
crease in bcU2 mRNA by 48 hours, as well as >75% reduction 
in Bcl-2 protein levels in myeloma cells after 4 days of expo- 
sure, without significantchange in actin or Bax proteins (van de 
Donk et al., 2000). In U266 myeloma cells (a high Bcl-2-ex- 
pressing MM cell line), oblimersen induced decreases in Bcl-2 
protein, enhancing apoptosis and cytotoxicity from doxorubicin 
(van de Donk et al„ 2000). 

In another study, the effects of oblimersen over 1-4 days 
were evaluated using 6 MM cell lines and 2 Bcl-2-transfected 
MM cell lines with varying degrees of baseline Bcl-2 expres- 
sion (Gazitt et al., 2001). High Bcl-2-expressingMM cell lines 
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demonstrated up to a 60% decrease in Bcl-2 protein levels after 
4 days of incubation with oblimersen 5 jig/ml, which was asso- 
ciated with low levels of apoptosis. In contrast, in MM cell lines 
with relatively low initial Bcl-2 protein levels, extensive apop- 
tosis was induced at a log lower concentration of oblimersen, 
along with essentially complete depletion of Bcl-2 protein. 
When all cell lines were pretreated with oblimersen 10 /*g/ml 
for 3 days followed by cytotoxic chemotherapy (dexametha- 
sone, paclitaxel, or adenovirus p53) for 2 additional "days, the 
fraction of cells that underwent apoptosis significantly in- 
creased compared with the cytotoxic agent alone. For example, 
the traction of high fccZ-2-expressing cell lines (ARH-77, U266) 
undergoing apoptosis increased from 15%-20% with dexa- 
methasone alone to 40%~80% with the combination. Similar 
results were reported with paclitaxel (from 10%-24% to 
569E>-85%) and adenovirus p53 (from 6%-12% to 4&%-50%). 
Cell lines that had been rendered resistant to chemotherapy by 
bcl-2 transfection demonstrated low levels of apoptosis and re] - 
atively small reductions in Bcl-2 proteins when treated with ei- 
ther chemotherapy or oblimersen alone but showed a marked 
increase in apoptosis and cytotoxicity when treated with the 
combination. Thus, additive and potentially synergistic effects 
were observed between oblimersen and chemotherapy in 
myeloma cells expressingboth low and high levels of Bcl-2 and 
support clinical trials in cancer patients irrespective of the level 
of Bol-2 expressed in their tumors. 

^ Clinical experience, A randomized, open-label, multicenter 
trial has been initiated to compare time to disease progression, 
objective response rate, duration of response, safety, and sur- 
vival for patients with relapsed or refractory MM receiving 
dexamethasone with or without oblimersen. 

Solid tumors 

Malignant melanoma. Preclinical experience. Oblimersen 
and other Bcl-2 AS-ONs have been evaluated in vitro and in 
mice with human melanoma xenografts. Exposure of 518A2 
melanoma cells in vitro to oblimersen at a concentration of 200 
nM (in the presence of uptake-enhancing cationic lipids) re- 
sulted in an almost complete loss of mRNA within 24 
hours (Jansen et al, 1998). At concentrations of 25 nM, 50 nM, 
100 nM, and 200 nM, oblimersen decreased Bcl-2 protein lev- 
els by 35%, 33%, 47%, and 61%, respectively, after 48 hours. 
Exposure to G3622 reverse sequence and G4126 2-base mis- 
match control oligonucleotides resulted in only modest inhibi- 
tion of Bcl-2 protein expression (17%). Similar findings also 
were reported for two other human melanoma cell lines ex- 
pressing Bcl-2 at high levels (Jansen et al., 1 998). 

These in vitro results prompted further evaluation of 
oblimersen in a SCID mouse s.c. xenotransplantation model 
(Jansen et al, 1998) (Table 3). In SCID mice with established 
518A2 human melanomas, treatment with oblimersen 5 mg/kg 
per day s.c. for 14 days resulted in a significantly lower mean 
tumor weight (0.39 ± 0.12 g) compared with treatment using 
saline (0.96 ±0.20 g), reverse sequence oligonucleotide 
(1.02 ± 0.37 g), or mismatch oligonucleotide (0.90 i 0.18 g) 
(p < 0,004). Further, Western blot analysis demonstrated a 
66%-72% decrease in Bcl-2 protein in the oblimersen group 
compared with a <19% reduction in the reverse sequence and 
mismatch oligonucleotide groups. Oblimersen increased 
the proportion of opoptotic cells within sections of 518A2 hu- 
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man melanoma xenografts from 0.69% (saline) to 3.3 8% 
(oblimersen group). When oblimersen was combined with 
dacarbazine in this SCID mouse model, complete ablation of 
the tumor occurred in 10 of 13 animals, compared with a reduc- 
tion in mean tumor size but not eradication in 6 mice treated 
with dacarbazine alone (Figs. 6 and B). These data established 
thai oblimersen reduces Bel -2 expression and enhances the 
efficacy of cytotoxic chemotherapy, in human melanoma 
xenografts and support the evaluation of oblimersen in patients 
with malignant melanoma. 

More recently, Wacheck et al. (2002) investigated whether 
immunostimulation could contribute to oblimersen's antitumor 
activity in this SCID mouse melanoma xenograft model. 
Oligonucleotides with CpG motifs and certain flanking regions 
can be immunostimuJatory, and oblimersen contains two CpG 
sequences. It is. widely accepted that 5-methylation of cytosine 
(m 5 C) in the CpG motif abrogates Immunostimulation (Krieg, 
2002). The antitumor potential of oblimersen was compared 
with tli at of oligonucleotide G4232, which is identical to 
oblimersen except for substitution of m 5 C for cytosine in th two 
CpG positions (Wacheck et al„ 2002). Following treatment 
with saline, oblimersen* or G4232 at a dose of 5 mg/kg per day 
for 14 days by implanted mini osmotic pump, animals were sac- 
rificed for tumor and plasma analysis. Oblimersen and G4232 
similarly reduced tumor growth by about one third relative to 
the saline-treated group (p < 0.05), which resulted in similar 
increases in tumor cell apoptosis compared with saline- treated 
controls. There was evidence for an oblimersen immunostimu- 



0.5- 




FIG. 8. Mean tumor weight (±SD) of melanoma tumors in SCID mice 
(n = 6 per group), following a 14-day infusion of saline (C\ oblimersen 
(AX G 3622 reverse control (R), or G 4126 two-base mismatch oligonu- 
cleotides (M) plus dacarbazine on days 12-16. Mice were evaluated 21 
days after initial cell inoculation. Reprinted by permission from Nature 
Med (www.nature.com) in Jans en, B„ Schlagbauer-Wadl. B«, Brown, 
B.D.. Bryan, R.N., Van Blsas, A., Muller, M., Wolff, K., Eichler, H.G., 
and Pehambcxger, H. (1998). Bcl-2 antiserum therapy chemosensitizes 
human melanoma in SCUD mice. Nature Med 4, 232-234. 
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latory effect in this model. Mice treated with oblimersen had 
about a 3-fold increase in spleen weight and about a 6-fold in- 
crease in serum IL-12. values compared with mice treated with 
saline* both differences being highly statistically significant 
(p < 0.001). In contrast, mice treated with G4232 had mildly 
elevated spleen weight and serum IL-12 values that did not dif- 
fer significantly from those of mice treated with saline. Thus, 
the antitumor effect of oblimersen appears to be predominantly 
a Bcl-2 antisense effect that is independent of iminunostimula- 
tion, as oblimersen and its immune-silent counterpart G4232 
produced similar tumor suppression and apoptosis induction. 

Clinical experience. Clinically, aberrant Bcl-2 expression 
occurs in virtually all human melanoma (Selzer et al., 1998> 
and has been linked to chemotherapy resistance and shorter sur- 
vival in patients (Grover and Wilson, 1996; Reed, 1999). A 
nonrandomized clinical study evaluating oblimersen plus de- 
carbazine was performed in 24 patients with advanced malig- 
nant melanoma, including patients with disease resistant to de- 
carbazine and other first-line regimens (Janscn et al., 2000, 
2001). Oblimersen was administered in one of three schedules. 
One cohort received a continuous i.v. infusion for 14 days 
(dally doses ranging from 0.6 mg/kg to 6,5 mg/kg), with dacar- 
bazine 200 mg/m 2 per day givenfor5 days beginning on day 5, 
A second cohort received oblimersen 5,3-7.7 mg/kg per day 
given as twice daily s.c. injections combined with dacarbazine 
800 rag/m 1 on day 5. The third cohort received daily oblimersen 
doses of 5, 7, 9, or 12 mg/kg by continuous i,v. infusion with 
dacarbazine 3000 mg/m 2 administered at the conclusion of 
oblimersen infusion on day 6. The treatment cycle was repeated 
every 28 days. 

All combinations were well tolerated in tbis patient popula- 
tion. Hematologic toxicities were nrild or moderate in severity 
and were similar to those observed with single-agent decar- 
bazine therapy. Thrombocytopenia was dose limiting at an 
oblimersen dose of 12 mg/kg per day when combined with 
dacarbazine 1000 mg/m 2 . Lymphopenia was the moBt fre- 
quently reported hematologic toxicity but was not clinically 
significant, with no unusual infections observed in the popula- 
tion, all of whom were followed up for at least 1 year. Fever, fa- 
tigue, and other symptoms that occurred during oblimersen in- 
fusions were manageable and did not affect administration of 
decarbazine at the recommended dose. Reported laboratory 
toxicities were similar to those observed with dacarbazine 
alone. Elevations in serum transaminase levels were transient 
with both the 14-day and 5-day oblimersen infusions and were 
not dose limiting. 

Antitumor activity was reported in 6 of 3 4 patients, including 
1 complete response, 2 partial responses, and 3 minor re- 
sponses, with disease stabilization for at least 1 year and a me- 
dian overall survival >17 months. The median survival in this 
small group of patients compares favorably with the 4-5 -month 
overall survival time generally reported in patients with ad- 
vanced melanoma who have failed first-line systemic chemo- 
therapy (Middleton et al., 2000; Chapman et al., 1999; Eton et 
aL, 1998; Falkson etal, 1998). One of thesepatients. a 90-year- 
old woman with bulky metastatic disease measuring >5 cm at 
baseline in pelvic lymph nodes and at the site of a previous skin 
graft, demonstrated an initial response after two cycles of de- 
carbazine with oblimersen 6.5 mg/kg per day and a complete 
response after four treatment cycles (Jansen et al., 2000) (Fig. 
9). In addition, a biopsy of the cutaneous area previously posi- 
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tive for melanoma demonstrated only fibrosis, indicating a 
pathologic complete responses localized brain metastasis de- 
veloped, which was successfully treated with gamma knife 
therapy, but there has been no other site of relapse. This pa- 
tient 1 s survival exceeded 2 years. 

All patients demonstrated Bcl-2 protein expression in cuta- 
neous melanoma metastases (measured by Western blot analy- 
sis) at baseline (Jansen e t aL, 2000). Based on serial tumor 
biopsies, decreases of 75% in Bcl-2 protein concentrations dur- 
ing oblimersen administration were observed in some patients 
(10 of 12 evaluable patients with plasma oblimersen concentra- 
tions >1 /xg/ml) (Fig. 10). These results establish proof of prin- 
ciple in human subjects of downregulationof the target protein 
within tumors following systemic administration of an AS-ON, 
Based on these results, a multicenter, randomized trial com- 
paring the effectiveness of decarbazine with or without 
oblimersen in the treatment of chemotherapy naive patients 
with advanced unresectable stage IE/TV malignant melanoma 
has been initiated. 

Prostate cancer. Preclinical experience. The transition 
from androgen- dependent to androgen-indeperdent prostate 
cancer is often associated with aberranthigh expression of Bcl- 
2, which confers resistance to the apoptotic actions of hormone 
therapy, chemotherapy, and radiation therapy (Oleave et aL f 
1 999; Scott et aL, 200 1). High levels of Bcl-2 were linked with 
resistance and increased cell survival of LN prostate cancer cell 
sublines following radiation exposure (2-8 <3y) (Scott et aL, 
2001). Oblimersen has been shown to significantly inhibit cell 
growth of the prostate cancer cell line DU-145, a model of hor- 
monally insensitive advanced prostate cancer (Campbell et al. p 

1998) . In vitro incubation of Shionogi tumor cells, an andro- 
gen-dependent mouse tumor model, with mouse Bcl-2 anti- 
sense oligonucleotide plus docetaxel reduced cell viability by 
50% and induced apoptosis (Gleave et aL, 1999). 

When mouse Bcl-2 AS-ON plus docetaxel was administered 
in vivo to mice bearing Shionogi tumors, the time to androgen- 
independent recurrence was significantly prolonged (Gleave et 
aL, 1999). Combined treatment of mice bearing androgen-inde- 
pendent recurrent Shionogi tumors with- mouse Bcl-2 AS-ON 
and micellar paclitaxel synergistlcatly induced tumor regres- 
sion and growth inhibition vs. either single agent (Oleave et aL, 

1999) . In a similar study in androgen-dependent Shionogi tu- 
mor-bearing mice, combination treatment with raitoxantrone 
and mouse Bcl-2 AS-ON enhanced raitoxantrone cytotoxicity 
in a dose-dependentmannervs. controls (Tolcheret aL, 1999). 
Downregulationof Bcl-2 by the AS-ON occurred in a dose-de- 
pendent, sequence-specificmanner. These effects were also ob- 
served when docetaxel plus oblimersen were administered in an 
androgen-independent human prostate cancer xenograft (PC3) 
model, with no evidence of tumor regrowth in 3 of 10 mice and 
long-term (> 60-day) survival in 4 of 10 mice (Table 3 and Fig. 
6)(TolcheretaL,2001). 

Clinical experience. Oblimersen has undergone evaluation 
in clinical trials as a single agent (Morris et aL, 1999) and in 
combination with weekly pachtaxel (Scher et aL, 2000; Morris 
et aL, 2002), mitoxantrone (Chi et aL, 2001), or docetaxel (de 
Bono et aL, 2001). In each of these trials, oblimersen was well 
tolerated, and antitumor responses were observed, supporting 
continued evaluation of oblimersen in androgen-independbnt 
prostate cancer. Evaluation of docetaxel combined with 
oblimersen is ongoing. 
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Breast cancer. Preclinical experience. Preclinical studies 
established that estrogen withdrawal increases resistance to cy- 
totoxic agents in Bcl-2-expressing breast cancer cell lines 
(Teixeira et aL, 1995) and that estrogen withdrawal-induced 
breast cancer tumor regression in nude mice is prevented by 
Bcl-2 (Pratt et aL, 1 998). Exposure to oblimersen in MDA-MB- 
231 cells induced apoptosis, which was further enhanced by 
subsequent exposure to docetaxel or paclitaxel (D. Yang et aL 
1999). 

Incubation of breast cancer cell lines with oblimersen caused 
growth inhibition and reducedBcl-2 protein in MCF-7 cells but 
not in tamoxifen-resistant LCC2 cells (Lilling et aL, 2000). 
Transient Bcl-2 downregulation by oblimersen in MCF-7 and 
MDA435/LCC6 human breast cancer cells caused a >80% re- 
duction of Bcl-2 protein levels in a sequence-specificrhanner 
for both lines (Chi et aL, 2000). Combined treatment of 
oblimersen with cytotoxic agents resulted in additlvecytotoxic- 
ity in both cell lines. 

In human breast cancer cell line xenografts, oblimersen alone 
or in combination with six different chemotherapy drugs inhib- 
ited tumor formation in a dose-dependent manner (D. Yang et 
aL, 1 999) (Table 3). Synergistic and complete, tumor regression 
was observed with the combination therapies. Combining 
oblimersen with PSC833 (a P-glycoprotein inhibitor) and lipo- 
somal doxorubicin synergistically suppressed the growth of 
drug-resistant human breast cancer xenografts in SOD mice 
compared with any of the three agents alone (Lopes de 
Menezes and Mayer, 2001; Lopes de Menezes et ol., 2000). 

Clinical experience. The preclinical experience with 
oblimersen prompted initiation of a phase I study evaluating 
oblimersen plus weekly docetaxel in patients with advanced 
solid tumors and documented Bcl-2 expression, including 5 pa- 
tients with advanced breast cancer (Chen et aL, 2000). 
Oblimersen was administered in escalating doses (1-4 rag/kg 
per day) as a continuous Lv. infusion over 21 days along with 
Lv. docetaxel 35 mgfai 2 administered weekly (days 8, 15, and 
22). Cycles were repeatedevery 28 days. Overall, the combina- 
tion was well tolerated, with grade 3 thrombocytopenia ob- 
served in 2 patients. No other grade 3 or 4 toxicities were re- 
ported (the dose-limiting toxicity was fatigue; grade 3 
thrombocytopenia also was reported in 1 patient). Tumor re- 
sponses were observed in 2 patients with breast cancer. The 
MTJD was not reached, and the investigators concluded farther 
evaluation in advanced breast cancer was warranted (Hayes, 
2001). Pharmacokinetic analysis demonstrated that oblimersen 
doses of 3-4 mg/kg per day resulted in higher plasma concen- 
trations than those previously reported to produce synergy with 
docetaxel in vitro. Subsequent! y, 9 additional patients received 
oblimersen 5, 7, or 9 mg/kg per day on days 1-5, 12-13, and 
19-20, with docetaxel 35 mg/m 2 on days 6, 14, and 21 of a 28- 
day cycle. Using this schedule, the majority of toxicities were 
grade 1 or 2 in severity, with only 1 patient developing grade 3 
thrombocytopenia. Overall, 2 patients demonstrated n partial 
response, and 4 experienced disease stabilization. 

Colorectal cancer. Preclinical experience. Bcl-2 expres- 
sion occurs in 30%-94% of patients with colorectal cancer, cor- 
relating with a negative prognosis in Duke's C colorectal can- 
cer and a multidrug-resistanoephenotypein multiple cell lines, 
including resistance to camptothecins(H.-B. YangetaL, 1999; 
Ochoa et aL, 2001a,b). In cellular and nude mouse xenograft 
studies, oblimersenhas demonstrated activity alone and in cora- 
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FIG. 9. Response following 4 weeks of treatment wilh oblimersen in a 90-year-old woman with malignant melanoma and bulky metastases to 
pelvic lymph nodes and ai ihe site of a previous skin graft. (A) Skin metastases- (B) Computed tomography of pelvis. Reprinted with permission 
from Elsevier Science in Jansen, B., Wacheck, V.» Heere-Ress, E.» Schlagbauer-Wadl, H., Hoeller, C, Lucas, T.. Hoermann. M.» Hollenstein.U., 
Wolff, KL, and Pehambergej. H. f2000). Chemosensilizalion of maliganl melanoma by bcl2 antisense therapy. Lancet 356, 1728-1733. 



bination with a protein kinase A AS-ON, causing significant 
prolongation of survival in tumor-bearing mice (Tortora et al., 
2001) (Table 3). 

Clinical experience. Oblimersen (3-7 mg/kg per day con- 
tinuous i.v., days 1-8) has demonstrated activity in patients 
with metastatic colorectal cancer also receiving irinotecan 
(280-350 mg/iir i.v., day 6) (Ochoa el al., 2001a,b). Cycles 
were repeated every 21 days. Of the 17 patients enrolled, 1 pa- 
tient (irinotecan -naive) achieved a partial response, and 3 pa- 
tients (1 previously treated with irinotecan) achieved stable dis- 



ease (Ochoa et al., 2001 a). Toxicities, including grade 3/4 diar- 
rhea,- grade 3 nausea/vomiting, grade 4 neutropenia, and febrile 
neutropenia were dose limiting when oblimersen and irinotecan 
were administered al 5 mg/kg per day and 350 mglm\ respec- 
tively. Lower irinotecan doses were well tolerated, however, 
even with higher oblimersen doses. 

Non-small cell lung cancer. Preclinical experience. In a 
preclinical analysis. 3 NSCLC cell lines (NCI-H226 [squa- 
mous], NHCI-H2 28 [adenocarcinoma3,NCI-H596 [adenosqua- 
mous] ). which expressed both bcl-2 and bax mRNAs with func- 
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FIG. 10, BcI-2 downreguhtion following 5 days of treatment with 
oblimersen in melanoma biopsy samplo from a selected patieot.The ad- 
ditional band shown on day 5 is consistent with the appearance of actta 
subunlts associated with tumor cell apoptosis. BcI-2 protein is 70% 
lower on day 5 by scanning densitometry, normalized against changes 
in the actin band. Reprinted by permission from Elsevier Science in 
Jansen, B,. Wachedc, V., Heere-Ress, R, Schlagbauer-Wadl, H. t 
Hoeller, C, Lucas, T.» Hoermann, M, HoUensteln, U.» Wolff, K., and 
Peharaberger, H. (200Q). Chemosensitlsatlon of malignant melanoma 
by bcl2 antisense therapy. Lancet 3S6, 1728-1733. 

clonal apoptotie pathways, were exposed to a Bcl-2 AS-ON, re- 
sulting in decreasedBcl-2 levels, reduced cell proliferation, de- 
creased cell viability, and increased spontaneous apoptosis 
(Kotyetal.,1999). 

Vrignaud et al. (2002) recently studied the effects of 
oblimersen and docetaxel in a 3-nrm dose-response study in 
mice, comparing the single agents with their combination 
(Table 3). Human lung carcinoma NCI-H46Q was selected on 
the basis of its Bcl-2 expression level and chemosensitivity to 
docetaxel. Oblimersen was administered s.c twice dally from 
day 8 to day 14 postturaor implantation in Swiss nude mice. 
Docetaxel was administered i.v. on days 9, 12, and 15. At the 
highest dose tested (8 mg/kg per dose, total dose of 1 12 mg/kg), 
oblimersen was active as a single agent with a 1 log ceil Mil, 
The highest nontoxic dose of docetaxel alone, 20.3 mg/kg per 
injection (total dose, 60.9 mg/kg), was also found to be active 
(2 log cell kill). Superior antitumor activity was obtained at the 
highest nontoxic combination (oblimersen 5 mg/kg per dose, 
docetaxel 20.8 mg/kg per Injection), with a 3.1 log cell kill and 
complete tumor regression in 4 of 7 mice (Fig. 6). This 
oblimersen-docetaxel combination was well tolerated. The only 
side effect observed specific to the combination was a re- 
versible edema occurring at the s.c. injection site. 

Clinical experience, Oblimersen is undergoing clinical 
evaluation in a randomized multicenter trial to compare re- 
sponse, response duration, time to progression, survival, and 
safety of docetaxel plus oblimersen vs. docetaxel alone in pa- 
tients with stage TUB/TV NSCLC who have previously received 
chemotherapy. 

Small cell lung cancer. Preclinical experience. Exposure of 
SCLC cell lines expressing high (NCI-H69), intermediate-high 
(SW2), and low (NC2-H82) basal levels of BcI-2 to Bcl-2 AS-ONs 
plus etoposide, doxorubicin, or cispiatin (or all) resulted in syner- 
gistic cytotoxicity in all cell lines (Zangemeister-Wittke et aL, 
1 998), supporting the potential value of Bcl-2 antisense therapy in 
patients with SCLC regardless of initial Bcl-2 protein levels. 

Clinical experience. Rudin et aL (2001) conducted a phase 
I/II trial evaluating oblimersen (3 mg/kg per day, continuous 
i.v. on days 1-8) plus paclitaxel (175 mg/m 2 , 3-hour i.v, infu- 
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sion, day 6) in patients with chemorefractory SCLC. Of the 1 1 
patients enrolled, . 2 experienced stable disease, 1 of whom re- 
. mained without evident progression for more than '6 months . 
. and who received 12 cycles of therapy. Hematologic dose-lim- 
iting toxicities occurred in 2 of the first 3 patients, resulting in 
paclitaxel dose reduction to 150 mg/m 2 , and I patient devel- 
oped a pruritic rash and was taken off study prior to receiving 
paclitaxel. These results suggest the combination may be toler- 
able and feasible in this refractory population. A clinical study 
to evaluate oblimersen plus carboplatin and etoposide in pa- 
tients with untreated extensive-stageSCLC has been started. 

Other tumor types, Preclinical experience. Oblimersen has 
demonstratedactivity (via induction of apoptosis and inhibition 
of tumor growth) either alone or in combination with other 
agents in a variety of human tumor xenografts (Table 3), 
. In human gastric cancer in a SCID mouse xenotransplanta- 
tion model, oblimersen was administered atone (Wachecket aL, 
2001a,b) or with cispiatin (Wacheck et at., 2001b). Com- 
bination with cispiatin significantly increased antitumor re- 
sponses and increased survival compared with cispiatin or 
oblimersen alone without adding significant drug-related tox- 
icity (Wachecket aL, 2001b). 

Merkel cell carcinoma (an aggressive neuroendocrine skin 
tumor) implanted subcutaneously in SCID mice also demon- 
strated a significantreduction in tumor growth or complete ab- 
lation when the mice received oblimersen via continuous s.c. 
infusion (Schlagbauer-Wadl et aL, 2000). In addition, investi- 
gators observed an enhancement of apoptosis, suggesting that 
oblimersen may improve treatment outcomes in this rare, ag- 
gressive tumor. Oblimersen also has demonstrated activity in 
bladder cancer cell lines (Duggan et aL, 2001), 

The activity of other Bcl-i AS-ONs has been demonstrated 
in radiation-induced fibrosarcoma cells (Srlvastava et al., 
2001), in combination with photodynamic therapy against 
apoptosis-sensitive human epidermoid carcinoma (A431) cells 
(Srlvastava et al., 2001), in bladder cancer cell lines (Duggan et 
aL, 2001; Bilim et al., 2000), in a hepatocellularcarcinomarat 
xenograft model (Baba et al., 2000), and in a cholangiocarci- 
noma cell line (Harnois et aL, 1997). 



CHALLENGES OF Bd-2 MEASUREMENT 

Using techniques such as immunohistochemistry scoring, 
Western blotting, andPCR, many researchers have attempted to 
measure expression patterns and levels of Bcl-2 protein and 
mRNA. Four technical challenges may explain conflicting re- 
sults. First, not only may individual patients variably express 
Bcl-2, but also tumor and normal cells in any sample may have 
differing levels of expression. Therefore, unless pure tumor 
cells are available, the interpretation of results may be clouded. 
Even in solid tumor material, there will be contaminating stro- 
mal and blood cells with variable- levels of Bcl-2 expression. 
Second, tissue handling must maintain the validity of the mea- 
surements without degrading the nucleic acids or proteins. 
Third, the assay itself must be reproducible with appropriate 
controls. Fourth, baseline levels may not be reproducible be- 
cause diurnal variation of Bcl-2 expression may further compli- 
cate the accuracy of any individual baseline measurement (Liu 
et aL, 2001). These challenges have made reliable quantitative 
data difficult to obtain or interpret 
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Even if Bcl-2 could be reproducibly and accurately measured in 
patient tissues, the absolute level of Bcl-2 may not be the critical 
factor. Tne relative levels of proapoptotic and anliapoptotic pro- 
teins, as well as the timing of expression {i.e., transient or consti- 
tutive), may be the decisive factors determining a cell's response 
to death factor stresses (e.g.* cellular damage, cytotoxic chemo- 
therapy) (Reed, 1999). The selectivity of Bcl-2 amisense for can- 
cer cells over normal cells may be due to the relative inability of 
tumor cells to upregulate other, antiapoptoticproteins in response 
to transient Bcl-2 downregulation. While acknowledging that 
aberrant Bcl-2 overexpression confers tumor cell resistance to 
many anticancer treatments, it appears that determining the spe- 
cific Bcl-2 level in a patient with a given tumor is relatively unim- 
portant, A small disruption in Bcl-2 protein levels may be all that 
is required to enhance the sensitivity of tumor cells. A decrease in 
Bel-levels may shift the balance to provoke apoptosis or sensitize 
cells to apoptotic death irrespective of their baseline level of ex- 
pression. Moreover, in vitro data suggest that tumor cells with 
somewhat lower levels of Bcl-2 expression are actually more sen- 
sitive to the synergistic cytotoxic effects of chemosensitization, 
possibly because of the greater magnitude of absolute reduction 
from basal levels (Konopleva et al., 2000), In vitro and clinical re- 
sponses have been observed in both high and low Bcl-2-express- 
ing cells and when the Bcl-2 protein level Jn tumor either de- 
creases or increases (Gazitt et al„ 2001 ; Marcucci et al„ 2001). 

One possible explanation for observing a rise in Bcl-2 pro- 
tein levels or mRNA following treatment with oblimersen 
could be selective survival of high BcI-2-expressihg cells. The- 
oretically, if oblimersen is effective in triggering apoptotic cell 
death, only more resistant cells would remain after treatment. 
These resistant cells, although a minority population in the ini- 
tial tumor cell denominator, become the new denominator and 
may have a relatively higher level of Bcl-2 expression. For ex- 
ample, if oblimersen were able to eliminate 90% of ceils below 
a certain threshold level of Bcl-2 expression, the remaining 
10% of cells could register higher Bcl-2 expression even 
though the tumor reduction was 1 log. This suggests that the dy- 
namics of change in a dying tumor population treated with 
oblimersen may confound any analysis. Ultimately, the ques- 
tion of the predictive value of Bcl-2 baseline levels and change 
with an lis en se therapy can be answered meaningfully only in 
the clinic (with meticulous laboratory assessment). Further, 
these analyses may be moot if oblimersen is generally active in 
the treatment of cancerin combination with other therapies. 



SUMMARY AND FUTURE PROSPECTS 

With increased understanding of the role of apoptosis in neo- 
plastic disease, extensive efforts are underway to exploit the 
pathways regulating this process as a therapeutic strategy. Bel- 
2 expression appears to be an important mediator of clinically 
relevant chemotherapy resistance in a number of tumors, in- 
cluding NHL, AML, CML, CLL, MM, melanoma, prostate 
cancer, breast cancer, colorectal cancer, SCLC, and NSCLC 
Oblimersen is able to specifically downregul ate Bcl-2 levels in 
vitro. The ability of oblimersen to downregulate Bcl-2 within 
tumor tissue after systemic administration is well documented 
in mouse xenografts and a growing number of patient tumors 
sampled during therapy. There is preclinical evidence support- 
ing a synergistic therapeutlcrole for oblimersen with cytotoxic 
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agents in a wide spectrum of human cancers, including breast, 
lung, colon, prostate, gastric, Merkel cell, epidermoid, bladder, 
hepatoma, cholangiocarcinoira, lymphoma, MM, and acute and 
chronic leukemia. Clinical studies have provided evidence that 
oblimersen exhibits some activity when administered as a sin- 
gle agent and is especially effective when used in combination 
with traditional anticancer strategies. Randomized, multicenter 
clinical trials are currently underway to evaluate the efficacy 
and tolerability of oblimersen when administered with chemo- 
therapy to patients with CLL, recurrentfefractory MM, malig- 
nant melanoma, and NSCLC. Potentiation of chemotherapy and 
other anticancer treatments with oblimersen Bcl-2 and* sense 
therapy is a promising new apoptosis-modulatirg strategy, and 
results of ongoing trials should provide additional insight into 
this therapeutic approach. 
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vitro and In vivo, thus supporting our continued envelopment of a novel combi- 
nation therapy of Taxol and E1A gene therapy and preparations for a phase II 
clinical trial. • 



#481 1 Antlsense raf Dllgocfeoxyrtbonuoleotlde and tumor redlosenartlza- 
tlon, Gokhale, P.C., McRee, Q„ Wloriia, BP., Bagg, A.. Rahman. A., Drltschilo, A„ 
and Kasld, U. Departments of Radiation Medicine (P.C.G,, DM., AD., U.KJ, 
Pathology {A.B.), end Radiology (A.R), Georgetown University, Washington DC 
20007; fsls Pharmaceuticals, Inc., Carlsbad, CA 92005 (RPM.) and NeoPharm, 
Inc., Bannockbum, tL 60015 (A.R.). 

The aim of the present study was to evalute the radlotherapeullo efftoacy of a 
fully phosphorothtoatBd and well characterized antlsense rat oligodeoxyrlbD- 
nucleotide (ODN) (ISIS 6132/5132). Using our reoent!y developed liposome en- 
capsulation of ODN approach, we first compared the pharmacokinetic parame- 
ters of a liposomal formulation of 6132 (LE-6132) end 5132. The area under the 
plasma concentration. time-curve (AUC) was 5.8 times higher with J.E-6132 aa 
compared to 5132. Significantly higher ODN Isvels ccufd be measured In most 
organs within 4B h of administration of LE-5132 compared with 5132 (liver, 18.4 
fold: spleen, 31 fold; heart, 3 fold; lungs, 1.6 fold), in kidneys, the level was lower 
with LE-51 32 (0.77 foldj. IntravertouB administration of LE-5132 tnto othymic mice 
bearing radioresistant human laryngeal squamous cbII carcinoma (SQ-20B) Inhib- 
ited RaM expression In tumor tissue as oompared to blank llposome-treated or 
' untreated control groups. LE-51 32 or Ionizing radiation (IR) treatment oaused 
transient Inhibition of SQ-208 tumor growth. Remarkably, o combination of 
LE-6132 and IR treatments led to significant and sustained tumor regression for 
at least 2? days after the last treatment. Histopathologic*! examlnatfon of tumor 
Bompios revealed a significant proportion of calls containing highly fragmented 
chromatin In L&5132 + IR treatment group as compared to single agent and 
untreated groups. These In vivo data provide support for the use of antlsense raf 
ODN In the management of radioresistant malignancies. 



#46 12 Membrane permeant peptide oonjugoteg for Imaging caspBse-3 
aotlvfty In vivo. Pofyakov, V.R, Dahlhelnw, J., PJwnica-Worms. D. Washington 
University Medical School, St Louis, MO 63110. 

Apoptotlo stimuli converge on activation of effector ca9pasas with evidence 
suggesting cascade- 3/CPP32 end csspsee~7 being oentral 1o the exaoutlon 
paihway of apoplosls In many different cell types. CXjantKteatlon of the enzymatlo 
activities of ceepase-3 and oaspase-7 In vivo could provide a meanB to monitor 
tumor cell commitment to apoptosis and dlreotry guide therapeutic choices in 
patients. We describe prototype membrane psfrneant peptide conjugates de- 
rived from TAT transduction sequenoes.- Incorporating caspaBe-3/-7-8peolflo 
substrate recognition sequences (DHVD) between TAT sequences and appropri- 
ate peptide- based motifs for chelating radionuclides euoh as Tc-QDm («-KQC), 
novel Imaging agents have been engineered for analysis of caspase activity tn 
vivo. TAT peptide conjugates were prepared by eolld phase peptide synthesis, 
purlllsd by RP-HPLC, and peptide identity confirmed by ESMS. Peptides were 
C-termlnus labeled with fluorescein malelmlde, or chelated with Re orTc-99m by 
llgsnd exchange with glucohepionate. TAT peptide imaging conjugates contain- 
ing speolflo recognition motifs were oleaved by recombinant human caspase-3 In 
vitro. Upon Incubation of Jurkat cells In buffer containing To-9Qm-TAT peptide, 
the complex rapidly (t1/2 < 2 minutes) accumulaled within cells, and Bhowsd 
equally rapid washout kinetics. Confocal microscopy revested rapid cytoplasmic 
end focal nuclear accumulation of fluorescein derlvatized conjugates. Further- 
more, apoplosls was induced by pre-lnoubfillon of Jurkat colls tor 6 hr In media 
containing C6-oeramkte. Analysis of TAT peptide conjugates showed oieavage In 
oeramlde-aotlvatsd ceils, but not in control ceils, thereby trapping thB C-termlnus 
labeled chelate moiety within the cells. In thle way, fooal retention of radloaotlvity, 
a "hot spot", will be generated on scintigraphic Images of tumors corresponding 
to enzymatlcalry active c 



#4813 Induction of epoptosls In non-small cell lung cancer ceils by 
P161NK4 Is related to down-regulation of bcl-2 and Rb. Kataoka, M., Spitz. 
F.R„ Sohumaoher. G.\ Uu, FuPwara, T, Taneka, T, Roth, JA*. CiistianD, 
RJ/ First Dept. of Surgery, Okayama University School of Medicine, Japan 
'Dept. of Thoracic and Cardiovascular Surgery, UTMD Andersen Cancer Canter, 
Houston, TX 7703Q. 

We Introduced a functional pie cDNA Into NSCLC cell lines expressing differ- 
ent combinations of normal and mutated p16, p53, and Rb genes via a recom- 
binant adenovirus and analyzed ihe effect on cell growth. Adenovtrlally Introduc- 
tion of p16 protein In A549 ceils. (-p1 67+ p53) medlBted apoptosis on five days 
after Infection and inhibit the tumor growth in vitro and In vivo. Further analysis 
Indicated that Bcf-2 and Rb expression was greatly reduced in A549 cells only on 
the fifth day after Adv/p16 Infection. H1269 cs& {~pia/-p53) infected with 
AoV/016 also showed apoptosis only by an additional infection wHh an adenovi- 
rus expressing p53 which was accompanied by down-reguratlon of bol-2 and Rb. 
interestingly. Adv/Rb infection fnorease the expression of bol-2 In Adv/p16 In- 
fected A549 eel la As a result, these studies suggest that pi 6 Is capable of 
mediating apoptosis In the presence of wild-type p63, through a down-regulation 
of Rb protein followed by down-regulation of the anti-apoptotlo protein bol-2. 



#4814 Tumor regression of human breast carcinomas by combination 
therapy of antl-bcl-2 antlsense ollgoneuoiootfde and chemotherapeutio 
dru^a, Yang, D., Ung, Y„ Airhazon, M., Quo, R„ Murray, A, Brown, B., Uppman, 
M.E. Lombard! Cancer Center, QUMC, Washington DC 20007 and Genre Incor- 
porated, San Dtago, CA 92121. 

Over-expresBlon of BCL-2 protem Is frequently found In cancer and may be en 
Important negative regulator of apoptosis. An I8mer antlsense oligonucleotide 
(G3138) designed to hybridize sequence In bcl-2 mRNA haa been ehown to inhibit 
bcl-2 expression In multiple cell tines whh IC fl0 of 250nM. AntlBense G313B and 
controls (reverse or two-bBBe mismatch) oligonucleotides were tested against 
two ER negative breast cancer cell fines (MDA-MB-231 and MDA-MB-436) and 
one ER positive ceD line (MDA-MB-361) In vitro as weii as tumor xenografts tn vivo. 
All three cell Unas express a high-leva! of BCL-2 protein. Treatment with G313B in 
MDA-MB-231 cells Induced apoptosis, Inhibited cell growth and eoft-agar colony 
formation. Following exposure to dooetaxel or paefltaxei, markedly enhanced 
apoptosis and growth Inhibition ware observed In Q3139 treated celts, but not In 
the control oligonucleotide treated oefla. Treatment with Q3139 atone can Inhibit 
tumor formation tn vivo 60% to 80% m MDA-MB-231, MDA-MB-436 or MDA- 
MB-361 xenografts In a dose dependerrt manner. Combination therapy of Q3139 
was earned out in animals at sub-optimal doses with six different chemotherapy 
drugs. Synergistic effects and complete tumor regression were observed only In 
the combined treatments of G3139 with dooBtaxel, paolilaxel or olaplatla Mice 
remained tumor free lor more than five months. No effects were observed with 
combined reveres or mismatch oontrol ollgonuJeoUdes treatment These data 
Indicate that BCL-2 la an attractive target lor anti-tumor therapy, and that bol-2 
antlsense therapy should be Investigated for ollnloal eflioacy by Itself and In 
combination wit hch smother apeutlo agents for breast oanoar treatment. 

#4815 Bol-Xjj a new target for genomic oancer therapy: tn vttro and tn 
vivo downregulation and chemosensWzatlon. FanneP, DA, Corbo, M. f Kuss 
B. , Monla. B.P., Dean, N. M., Cotter, F.E. Department of Motacular Haematology 
institute of Child Health, 30 Quftford Stmet, London WC1 1BH, UK (D.AF., M.C. 
RK., F.ecj ano* Department of Molecular Pharmacology, ISIS PharmaoeutfcBfs, 
22B0 Faraday Avenue, Carlsbad, CA 92008 (B.P.M., NMD.). 

BCL-X L , an antlapoptoalo protein, contributes to failure of chemotherapy In a 
number of malignancies. A second generation (mixed baokone) antfaense oligo- 
nucleotide, ISIS 16009 was Investigated tn vitro against leukaemia ceil lines 
SEMK2 wtth t{4;1 1) and BV1 73 with t(&;22) which express high levels of Bci-Xi. in 
call-freB atudles, ISIS 16QD9 induced RNaseH cleavage of Bcl-X. RNA. SequBnce 
and target specific reductions of IntraceBular Bo^Xl RNA and proteS were 
measured at 24 and 72 hours respectively. RNA oataboilslng potency (IC50) was 
In the nanomolar range measured by northern blotting and ooncerrtrat Ion- re- 
sponse analysis, tn vitro, treatment with VP16 rjroducedZ-DEVD.fmk InhlbHabfa 
(caspase dependent) phosphotldylBerlne (PS) expression which was enhanoed 
after ISIS 16009, measured by oytofluoromelric tolerance distribution analyele 
Using In-vfvo SCID/NOD SEMK-2 and BV-173 xenografls, 14 day suboutaneouB 
infusions of 100 ne/day 1816 1BQ09 (or scambled control) were foHowed by 4B 
houre ex-vfvo treatment with VP18 to observe effeots on epoptosls tolerance 
BolOC L was reduced by 90%. Osspase (DEVD-aae) aotMty and PB expression 
were Blgnlflcantty Increased. Conversely, 72 hour vlabrfity measured by MTT 
assay was lowest In the ISIS 1 6009 treated group. Bct-X<_ la a poterrtlal therBpau- 
1io target, and Ha downregulation may be of greatest benefit In the worse prog- 
nostic groups who fall to respond to chemotherapy due to ba overBxpresstonT 

#481 6 Antitumor off eota elicited by ant (sense-mediated downregulation 
of the 1GF-I reoepton From the bench to the bedside. Resnlooff, M., Andrews, 
D.W., Kenyon, U, CurliB, M., Merll, Q. ( Baserga. R„ Fiandera, A., Illakls, Q , and 
Aiken, R.D. Ktmmel Cancer Center and Thomas Jefferson Unlversfty HoBDftat 
Philadelphia, PA 19107. ^ U 

Downregulation of thB IGF-i receptor in C6 rat glJoblaalorna calls by antiBense 
strateglss resuJts In massive apoptosis of tumor cells in vivo, leading to abroga- 
tion of tumorlgenesls In nude mice. In addition to the apoptotlc effect, antitumor 
responses are elicited In Imrnunocompetent animals, protecting them from sub- 
sequent tumor challenge and causing regression of established tumors with no 
further recurrence. These findings in animal models have now been tested In 12 
patients with malignant glioma, who had previously laBad conventional tnaraples 
including radiation. Autologous glioma oePs. harvested el craniotomy ware 
treated ex vivo with IGF-l receptor antlsenBB ollgodeoxynuoteotidee prior to 
subcutaneous reimplantation within diffusion chambers. This treatment was well 
totemted and other than deep vain thrombosis noted in the first 4 patients, no 
other side effects were reported. Radiographic and clinical responses were 
observed In 60% of the patients, Including 2 complete remissions at 14 and 6 
months. The updated results from these etudlBB will bs presented and the 
possible meohanlama. Involved in these responses will bs discussed. 

#4817 inhibition of epidermal growth factor receptor tyrosine kinase " 
family members by the covalent antagonist 01-367,765. Dlscafanl, C.M. 
Floyd, Jr. M.B., Johnson, B,D n Nffaxantaa R., Nunes. fVL, Shan, R, Wang, Y.-F H 
Wfasnex, A., Greenberger, LM. Oncology and tmmurto!nf!amatory Research 
Chemical Sciences, and Computational Chemistry, Wyath-Ayerat Research. Pear) 
River, NY 10965. 



Proceedings of the American Association for Cencer Research ♦ Volume 40 • March 1B9S 



72B 



PAGE 51/52 • RCVD AT 9/1 1/2007 12:26:51 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRF-2/22 * DNIS:2738300 * C8lb:612 349 6556 * DURATION (mm-ss):31-20 



§ 



9-11-OT; 9 : 55AM ; N I KOLA I MERSEREAU 

MYELOMA/CLL - THERAPEUTIC STRATEGIES 

NHL. Two patients hod open Jung biopsy which showed interstitial pneumonia. One patient 
died of vemilttlury faOure. The remaining 7 patient* were treated with prednisone taper. Six 
of the treuted patients had Improvement between I and 14 days (median 4 days) while one 
patient grndoally improved over 1 2- J 8 months. Follow-np OCR on 6 pattern* showed 
improvement or resolution of interstitial disease. Only one patient was re-created with 
fludarabme and had return of symptoms with findings simitar to hlfl initial episode. Currently, 
we are comparing treatment factors such as preexisting pdlomonary disease, nod chest 
radiograph abnormalities to 150 patients treated at our institution wbo did not develop 
pulmonary toxicity to idoarify possible rink factors predicting tonicity. These data demonstrate 
that fludarabine, although generally safe and well tolerated, may uncommonly cause life 
threatening pDiroonory loxichy. Clinicians should contf der this diagnosis m patients treated 
with fludarabine who develop fever, hypoxia, and imcrsdilol InfUtrcles without evidence of 
infection or disease progression. Fludarabine relaxed pulmonary toxicity appears to respond 
in systemic ennico steroids. Given tberetvmmceof toxicry in one patient with retreatment, 
great caution should be taken before considering fludamblnercchnJlcrigc- 
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.Abstract* 3273 



Poster Bwrd tf-Sesslon: 737-III 



EVALUATION OF Bcl-2 ANTISENSE OLIGONUCLEOTIDE 
DRUGS IN MULTIPLE MYELOMA, Niels van dc DonkV Marloes 
KamphuisV Mirjam van Dijk*, 2 Okke de WeerdV HenJc Lokhorct,* 
Anclrics Bloom*. 1 'Immunology, University Medical Center Utrecht, 
Utrecht, The Netherlands; 'Hematology, University Medical Center 
Utrecht, Utrecht, The Netherlands. 

Multiple myeloma (MM) is characterized by the presence of ■ slowly growing plasma 
cell tumor mass, linked to the balance between proliferation and anoptosls. Bcl2 protein, 
commonly expressed i n MM cells, has boon shown to prevent apopiosis induced by myeloma 
therapies including dexaraethanone, biologic, and uytoloaic drugs, An andsense 
oligonucleotide (ASO) targeting Bcl-2, G3139 (Oenasensc, Gento Inc.) hns been shown to 
downiegulate Bck2 and produce responses in patients with dmg-reslslanl B-cell lymphoma 
(Waters, J., el al, J.C.O. 9:1812, 2000), Here, preclinical studies of Bpl-2 ASO evafcraled 
potential applications for myeloma therapy. Incubation of human plasma cell lines with 
FITC-labeied ASO resulted iu o time and dose dependent up-takc in the cytoplasm und 
nucleus. The IJncdciofASOupttti^diifcrcdbcnvcendlfYejTentpjBfmRiccll fine*, lncubodon 
with 03139, but not control sense or scrambled oligonucleotides, resulted in a time tmd 
dose dependent (up to 10-fold) decrease in Bcl-2 RNA. measured by RT-PCR. The same 
troamicms led to > 75* reducrion or Bcl-2 protein levels in the plasma cells after 4 days of 
exposure, without significant reduction in'oodn or Bax proteins, supporting a sequence- 
speclfic antisense mechanism. 03139-indneed decreased BcJ-2 protein Jn U266 plasma 
cells enhanced apoplwis and cytotoxicity from doxorubicin. These restultx support the role 
of Bcl-2 in treatmem-resistance of MM, ond they saggest that Genasense, on agent slreody 
in Phase 117 trials In other Indications, should also be evohimed for myeloma therapy. 

Abstract* 3274 Poster Board ^-Session: 73S-IH 

JN VITRO AND IN V2VO EFFECTIVENESS OF ARSENIC 
TRIOXYDE IN A MURINE FORM OF T PROLYMPHOCYTE 
LEUKEMIA (T-PLL). Christian RocberV Martine Chopin*,' Herve* 
DombrerV Frnncois Slgaux, 1 Marc-Henri Slew* 1 } U462, fNSERM, 1UH. ' 
Paris, France; ^Hematologic Adultes, Hopital St Louis, Paris, France. 

T-cell prolymphocyte leukemia is a rare form of mature T-cell leukemia chornclerlaed 
by nctivntion of the MTCP1/TCU oncogene family. It is generally resistant ro ccmvonllonnal 
chemotherapy and prognosis rejnoins poor despite some ad winces achieved with purl n analogs 
Andand-CD52 antibody. Absence ofT-PLLcel) line and rarity of the disease have interfered 
with progress in treshnent. Transgenic mi do for MTCPl (CD2-pl3) develop a kulremia 
similar to human disease and could be used to test therapeutics. Because anemic trioxyde 
(Asp,) has recently showed aniMeukemlo effects In activated T lineage malignancies, we 
here evaluated its potential Interest in T-PLL, by studying the in vhro and m Wvo effects of 
Ab,0, onto murine T-PLL 

cells from transgenic mice CD2-pl3 were used to generate cohorts ofH2- 
compatible hmtwnocompctcnt mice bearing T-cell louVemia with high counts of rympbocytea 
raid large splenomegaly. Viable leukemic ceils were obtained from tumoral spleens for in 
vitro studies. As^O, reduced nil viability m clinically achievable conceutiatioD, Viability 
of leuJctmic cells exposed to 1|iM As 3 0, was 75*2% that of naireated cells al 24 hours and 
decrease to 47±3.0& at4B hours. Cytotoxicity of Aa,0, was similar to that of ftmfarabme at 
Jp\M. Asp, was eynergi2ed by 125JIM ascorbic acid (Vit C) (cell viability: 14±5% at 24 
hours, 0%ot 48 hours) but not by ImM buthiomnc sulfoxide (BSD), both agents interfering 
with gnitathione metabolism. By contrast, normal lymphocytes were less sensitive to As.O 
alone (viability: 85±J.2«) or in combination with Vit C (57±3%). To determine the hi vrW 
eHect of As,Oj, four gronps of five mice were treated intra peritoneully, 5 dsys a week for 
4 weeks (20 injcctJonB) with placebo, Aa,0, (5p;g/gAJ), Vit C (500jtg/g/d), and Aa_0,+VJi 
C, respectively. Treatment was started J4 days after tumoral tmnspl an laden. No odversc 
effect was observed. Appearence oftymphucytoids and splenomegaly was dehiycd in the 2 
groups with As^O,. Furthermore, survfvnJ of mice treated with Aa,0, alone or in comluruUion 
wlUi Vit C wus slgnifteantly prolonged (mean survi valin days: 57.6±0. 8 for AsA; 5&6±1 ^ 
for Aspyf Vll C versus «15±0 for placebo and 46t±0 for Vi( C) (p<a000l). 

This study demonstrates that Ai£>, can induce clinical and biological response* and 
can improve survival in murine T-PLL. This is (he find evidence to aoppori clinical trials 
using ASjO, in human T-PLL. 
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Abstract* 3275 Poster Board ^-Sesalon, 739-TiT 

COMBINATION FLUDARABINE, CYCLOPHOSPHAMIDE AND 
RITXJX1MAB FOR PREVIOUSLY TREATED PATENTS WITH 
CHRONIC LYMPHOCYTIC LEUKEMIA (CLL). OuUlermo Oarci" 
Manero, 1 SuBnn O'Brien, 1 Jorge Cortes, 1 Francis Gilefi.' Stefan Poderl ' 
Susan Lerner*, 1 Maher Albitar*,> Hagop M. Kantarjlan,' Michael j 
Keating.' 'Department of leukemia, University of Texas M.D. Anderson 
Cancer Center, Houston, TX, USA; department of Pathology, University 
of Texas M.D. Anderson Cancer Center, Houston, TX, USA 

Treatment options for paueots with relapsed CLL art limited, Jn this report, we present 
our ^preliminary results with a bmchcmolhernpy comhinatinn using liliaimabTa monSS 
«ntlbcK3yaga 1 nstaM0)wimfludarabir« DR dcyclophu S phamida.r^^ 
is given di a alow rate at 375 mgrm2 on day 1 followed by fludaraWne 25 mgi^n2 3 
cvclor^spbaiwde 250 mg/m2 on days 2-4. During subsequent coursea (2-6), ritu^mab \i 
given ai50n mg/ni2 or iday 1 and fludarablna and oyclophosphamido are given atthe same 
doses but on days l-X Of S4 psrien* registered, 43 arc currently cvaluable aftcr>3 courses! 
Psucnt characicri^cs: median age 57 years (range: 18-74); 65.1% male; 44 % Rai Stage 
W i?^m P i ,, ^i e l < ? Un, UO(Tm ^ : 1^367); median hemoglobin 1Z2 (range: 6.8-lfi S 
median WBC 45.6 frange: 2.7-31J); 3 or more lymph node site* invoked 58ft- B2 
mcroglobti in greater than 3: 79*; 83 % performaltte Of 1 or loss. Of the 43 padenrs 1 bad 
SLVL and J marginal zone tympboroa. Median number of prior treatments 3: Wfc'of the 
patients hod Ttcdvod alkylating agents only, 65.3% bad been sewdUve to fludarabine 
containing regimens, 20.9* had been resistant to nuctarabine. Median follow up is 5 nwntht 

14 %, m 42%, stebtotton of dlseMe4.7«. no response 20.9%. Total response rate 09.9%. 
Onepatlem dtedeariy ftve other patients have died, none during the first course, 3 of them 
die to progression of disease. Serious toxicities from the treatment include 8 episode uf 
pneumonia, 4 episodes of neutropenic fever, 2 of sepsis and 1 prolonged mydosnprearfon! 
Olherfremtent toxicides related Id xituximab include fever, colli* and nausea; byr»SS 
occurred in 5 (12*) parents. In summary, fludarabine, <^)opbosphamideandTiKabii 

a% o^Srifr DD fieDSiUvC d,RB8W5 * Slut,,cs «= vuluaiing u« efficacy imd to^cli^^rogrHr^ 

Abstract* 3276 Poster B<wrd#.Sesrfon: 740-UJ 

P^i?^^ 71 ^ 501 ^ 2 ' CYCLOPHOSPHAMIDE, ETOPOSIDE 
AND CISPLATIN) + G-CSF IS AN EFFBCTIVK RJEGIMEN FOR 
Lv^^P CELL COLLECTION IN MoE?S 
MYELOMA, M. Lazzarino,' A. Corso*, 1 L. Barbarano* 1 EP 
^essandrino^ » S. P B vaV D. Ferrari^.s M, Humano* 2 O. Prlgerio* *L 
Isa*. J A. LuTfiuchiV S. Momanara*^ A. NomJ*, 1 D. Porego* » g' 
Pinotti V R Rodeghlero* 1 A. Santagostino V M. Savatt*,* Q, Ucci^ * L 
HfiSM A /, y i<lTOara *^ MorraV 'The Divisions of Hematology of 
IRCCSPollcllnicoS.Matteo University of Pavta, Osp. mguarda idLTo 
Osp S Bortolo Vicenza; >Tite Internal Medicine - Hematohjry/Oncologv 
of Abblategraw, Como Valduce, Desio, Gorgonzola, Ucvo, tegnano 
Verclm%ZT n ° S * PaQ *° t 0me * na * Rho > V°rese. Verbania, 

Peripheral Wood stern cell I (PBSC) tnuiBplantaUon following hlgb^osa chernotheranv 
rcjm^mts sDmteg^pnrtof front-line or salvage therapy in parieats (pis) with multiple 
myeloma (MM). DCEP (dexamethasonc 40 mg x A d and 4-day contlnuwis lrrfUs^n nf 
daily doses of cyclophosphamide 400 mgAn'. eulposide 40 mgfm { ZZnZ^T^h^ 
vWAsubs^uent O-CSFSOOmssx. imtil naitropnWovery) ha« proved iobo^SrSfe 
salvor therapy for refruciory-rekpted hlM pU;. LitUe « knoum, however, about its poS 

MM pis. Of these, 21 had previously received rternoiherapy with VAD only and B with 
alkylaUng agents. CfcirecteristJcs of pts at tlmeof DCEP weie: 16 M/1 3 F medkn noTq? 

wsa6 mos (2.51). At start of DCBP, IB pts showed a responsive disease while 7l were 
Torractory to one o more lines of therapy. First JeuJcapheresis was performed m «H n w 

kg CD34+ coHs) in 25V29pta (86*). The 4 panem^ who did not moUlize eTem cX ail had 
been j^reviousty exposed to alkylaring agents, 2 of them for a period longer than 6 momfci 
The median ome to first lenJtaferesls was 13 days (range lO-m The median 

JP! r ^JSLi 03 * 1 " UBUs was OMxlOVkg in the 21 pts pr^iously^aSS^th 
VAl> orry. There was no tieatmen^rolaJedmortslity. The side offeita of DCEP were ml d 

a cnmsfoslcn of, pocked red cells. There was no need of bnspiialfeaiion after theripy. In 
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